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TWO FACTORS IN THE WORK DECREMENT 


BY EDWARD S. ROBINSON 
University of Chicago 
AND 
ARTHUR G. BILLS 


University of Minnesota 


I. THe GENERAL PROBLEM 


Although the work decrement is one of the major phe- 
nomena of psychology, the experimental prob’cms that it 
presents have not, in our opinion, received anything like the 
detailed attention that they deserve. If there is one truest 
generalization about the work decrement, it is a statement of 
its variability. Such a statement, of course, suggests the 
complexity of the principles underlying the losses in efficiency 
from relatively continuous work and, at the same time, points 
out an inevitable theoretical and experimental program. 
There is need for forgetting the ancient explanation of all 
sorts of decrements in terms of the depletion of a single supply 
of neuralenergy. And there is a further need for formulating 
the fundamental factors.in the decrement, whether their 
nature be physical, biological, or psychological. Among 
others, Thorndike,! Dodge,? Myers,* and, more recently, one 
of the present writers,‘ have sought to establish theoretical 

1E. L. Thorndike, Educ. Psychol., 1912, 3, 1-140 (espec. 111-125). 

2R. Dodge, The laws of relative fatigue, Psychol. Rev., 1917, 24, 89-113. 

7C.S. Myers, Conceptions of fatigue and adaptation, thid., 1925, 32, 1-16. 

4 FE. S. Robinson, Principles of the work decrement, thid., 1926, 33, 123-134 
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frameworks adequate to encompass the multifarious facts 
involved in the psychological work decrement. But experi- 
ment, we believe it fair to say, has lagged behind theoretical 
analysis. While theory has tended to see much more in the 
ordinary work decrement than refractoriness of tissue, ex- 
periment with typical psychological processes has been re- 
sorted to but little. Relations have been made out between 
the magnitude of the decrement and the type of efficiency 
considered, accuracy, speed, or satisfyingness,®:* and between 
the magnitude of the decrement and the age and race of the 
workers.?:® But these are only beginnings. There is some 
question, too, how near these studies have come to the heart 
of the problem. It was our purpose in the experiments re- 
ported in this paper to study some of the fundamental condi- 
tions of variability in the magnitude of the work decrement 
as it occurs in processes of a predominantly psychological 


kind. 


II. THe Factor or HoMoGENEITY-HETEROGENEITY 


We selected as our first factor for investigation the homo- 
geneity of the work. In common thought, relatively homo- 
geneous work is often considered to be more susceptible to 
‘fatigue’ than work containing a greater variety of part- 
activities. Such work is, of course, most often characterized 
in terms of its subjective or affective nature, that is, in terms 
of its monotony, rather than in terms of its objective homo- 
geneity. But in any event the factor of homogeneity, or 
monotony, seemed worth bringing under experimental con- 
trol. Not only has it been assigned a position of importance 
by popular thought, but scientific considerations also suggest 
reasons why its importance should be expected. As Verworn ® 
and others have shown, refractoriness of living tissue to stimu- 

§ FE. L. Thorndike, Fatigue in a complex function, Psychol. Rev., 1914, 21, 402-407. 

6 Same, The curve of work and the curve of satisfyingness, J. Appl. Psychol., 
1917, 1, 265-267. 


7T. R. Garth, Mental fatigue during continuous exercise of a single function, 
Arch. of Psychol., 1918, no. 26. 


8 Same, Racial differences in mental fatigue, J. Appl. Psychol., 1920, 4, 235-244. 
*M. Verworn, Irritability, a physiological analysis of the general effect of stimuli in 
living substance, 1913, 154-188. 
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lation repeated within certain time-limits is one of the most 
general of biological principles. ‘That this same refractoriness 
is present throughout the range of psychologically described 
phenomena is too familiar a fact to need discussion. Now 
it is the broad principle of refractoriness of response that gives 
a basis for interpreting the influence of homogeneity of work 
upon the magnitude of the work decrement. The fewer the 
part-activities involved in continuous work the shorter will 
be the time-intervals between the successive stimulations of 
each of these activities and, within a given time-range, the 
more frequent will be those successive stimulations. As one 
of us has previously pointed out,!° the degree of refractoriness 
is a function of both the recency and the frequency with which 
an activity is called upon to function. From this we should 
expect the continuance of relatively homogeneous work to be 
somewhat hindered by the factor of refractoriness. 

It was our program, then, to select for experimental pur- 
poses a number of tasks differing from one another mainly in 
homogeneity and to compare the magnitudes of the decre- 
ments associated with continued work at these several tasks. 


A. Experiment 1: Writing (Unbroken Sequences) 


Procedure: The general activity utilized in our first ex- 
periment consisted in the writing of alphabetical sequences of 
letters. Three degrees of heterogeneity were secured by re- 
quiring the subjects to write such a two-letter sequence as 
ababab, etc., or such a three-letter sequence as abcabc, etc., or 
the six-letter sequence abcdefabcdef, etc. 

In order that we might treat our three degrees of heterogeneity as quantitatively 
definable, we provided that, in the course of each cycle of experimentation, the two- 
letter work should include all of the letters involved in the three-letter and six-letter 


work, and likewise that the three-letter work should include all of the letters involved 
In the six-letter work. There were thus 3 varieties of two-letter work as follows: 


ee 


10 Psychol. Rev., 1926, 33, 127-129. 





418 EDWARD S. ROBINSON AND ARTHUR G. BILLS 


But there was only the one variety of six-letter work: 
abcdef 


A single cycle of the experiment included 6 days. On each of these days a subject 
wrote one of the above sequences as fast as possible for a period of twenty minutes, 
In the course of the whole cycle he performed once under each of the six experimental 
conditions. 

The subjects of the experiment—24 graduate students in psychology—were 
divided into groups of 6. Each subject in each group went through the conditions 
in his own particular order. Subj. 1 began with the first of the conditions as listed 
above, went through the second on the list on the second day, and so on. Subj. 2 
began with the second of the listed conditions, then took the third, and finally, on 
the sixth day, went through the first. This scheme was carried through so that in 
the course of a cycle of the experiment each condition would appear equally often in 
each serial position. While this is not a perfect method of equalizing practice effects, 
it was quite adequate for our purposes. Since we ran the experiment for three suc- 
cessive cycles we had consistency of results as an additional check. 

The writing was performed on sheets of yellow copy-paper, 13 x 84 inches. The 
pencils used were fairly soft. As we have said, the subject was directed to write as 
rapidly as possible without making errors. Although there were occasional errors, 
these were not frequent enough nor regular enough to be of any importance. During 
the total writing-period of 20 minutes the experimenter gave an auditory signal— 
a light tap—at the end of each minute, whereupon the subject drew a vertical line 
through his writing at the point that he had then reached. This gave us a record of 
the amount of work done in each of 20 successive one-minute periods. In this first 
experiment, as in those to follow, all experimenting was done individually. 


Results: Work curves were constructed for the three de- 
grees of heterogeneity. Results from the 3 two-letter condi- 
tions were combined into a general two-letter work-curve. 
Likewise, a general three-letter work-curve was secured by 
combining the results from the 2 three-letter conditions. No 
combination was necessary in the case of the six-letter work, 
since it was represented by only one set of letters. 

The results obtained from all 24 of our subjects were 
pooled. We have, however, kept our data separate by cycles. 
Since all of the subjects went through all of the experimental 
conditions 3 times we thus obtained data for 3 sets of work- 
curves. We believe that the consistency of these three sets 
of curves is, perhaps, the most important criterion of the 
reliability of this experiment. 

Figures 1, 2, and 3 contain the curves of work of the three 
stated degrees of heterogeneity. Throughout the 3 cycles of 
the experiment the levels of the curves maintain the same 
general relationships. The two-letter work is invariably 
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Curves are averages for 24 subjects. 
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slower throughout than the three-letter work, and the three- 
letter work is invariably slower than the six-letter. 
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Fic. 3. Work-Curves for Cycle III of Experiment 1. See legend for Figure 1. 


From casual inspection it seems that the curves for two-letter work are, in general, 
smoothest and those for six-letter work are, in general, most irregular. This is, in al] 
probability, merely a statistical matter. Since there were 3 two-letter conditions and 
since there was only one six-letter condition, the two-letter curves are based upon 3 
times as many observations as the six-letter curves. Being represented by two 
conditions, the three-letter work curves are based upon 2/3 as many observations as 
those for the two-letter work and upon twice as many as those for the six-letter 
work. And in smoothness these three-letter curves stand about as they should. 
Although that obtained from the first cycle is about as irregular as the six-letter curve, 
those obtained from the second and third cycles are about as smooth as the two- 
letter curves. There is no reason, then, to ascribe such differences in regularity as 
appear in our curves to anything except to the particular set-up of this experiment. 


Our main interest is, naturally, in the decrements shown by 
these curves of work. A rough inspection reveals the fact 
that, throughout the experiment, the greatest decrement 
occurs in the most homogeneous work, i.e., that involving two 
letters. The difference between the three- and the six-letter 
work in this respect is not so clear. 

In order to make more definite the facts of decrement, our 
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results were treated as follows. ‘The differences in efficiency 
between the first and the tenth minute of work were deter- 
mined for the three degrees of heterogeneity. These differ- 
ences can be considered as measures of decrement magnitude. 
After inspecting our work-curves, we selected the tenth 
minute as representative of the maximal decrement-effect. 
Beyond the neighborhood of that point the curves either con- 
tinue at about the same level or show an actual rise. Almost 
the same results were obtained by determining the decrement 
in terms of the difference between the first and the poorest 
minute of work. 


18 
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Number of Letters 
Fic. 4. Relationships between Degrees of Heterogeneity and the Work Decre- 
ments of Experiment 1. Horizontal axis represents degrees of heterogeneity in terms 
of number of letters involved. Vertical axis represents decrements in terms of differ- 


ence between number of letters written in first minute and number of letters written 
in tenth minute. 


In Fig. 4 there are plotted for the 3 cycles of the experiment 
the relationship between the heterogeneity of the work, as 





422 EDWARD S. ROBINSON AND ARTHUR G. BILLS 


measured in terms of number of letters involved, and the 
magnitude of the decrement, as measured in terms of the 
difference between the first minute’s production and that of 
the tenth minute. All cycles agree in showing decelerated 
functions representative of the relationship between the 
heterogeneity of the work and its resistance to the decrement 
effect. 

Our first experiment thus confirms our initial expectation 
that work containing few part-activities would show a more 
marked decrement than work containing more part-activities. 
The marked and consistent deceleration in this relationship, 
although we were not definitely expecting such a result, is 
hardly surprising. One would not anticipate a continuously 
linear relationship between resistance to decrement and heter- 
ogeneity of work. [Even less would one anticipate a positively 
accelerated relationship between these two variables. The 
fact that we worked within a range where the more or less 
inevitable negative flexion happened to be manifest must, 
however, be looked upon as something of a happy accident. 

The curves of Figs. 1, 2, and 3 represent the effects of con- 
tinuous work upon speed of performance. Although no signif- 
icant results were obtained in terms of relative frequency of 
right and wrong letters written, we noted early in the exper- 
iment that the continuation of work of this type did seem to 
affect the size of the writing. We determined for the entire 
experiment the average number of letters per line written dur- 
ing the successive minutes of work. The pooled results for 
all cycles and all subjects appear in Fig. 5. 

Under all degrees of heterogeneity there is a marked in- 
crease in size of writing—decrease in number of letters per 
line—throughout the twenty-minute work period. But the 
magnitude of this effect does not bear any noticeable relation- 
ship to homogeneity-heterogeneity of work. We may dismiss 
it, therefore, as an interesting, but merely incidental finding. 

Subjects’ Reports: Although our subjects were not in- 
structed to take an introspective, or process attitude, they 
were requested at the end of each sitting to report such inci- 
dental observations as they might have made. Several facts 
tand out consistently in these reports. 
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(1) The painfulness of the activity and the impulse to 
relax reached their maxima long before the end of the twenty- 
minute work period. After that the arm was somewhat numb 
and the work seemed to continue with a degree of auto- 
maticity. 
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Fic. 5. Work-Curves for Experiment 1 showing Increasing Size of Writing 
during Period of Work. Horizontal axis represents successive minutes of work. 
Vertical axis represents number of letters per line. Curves are averages for all cycles 
and all subjects. 


(2) When a ‘blocking’ occurred and it seemed as though 
the hand could not make the next letter, the pronunciation of 
that letter usually set the hand off to its proper task. 

(3) In general the work went on best if the subject thought 
about something else. ‘Blockings’ frequently occurred when 
the subject became clearly aware of the writing. 


B. Experiment 2: Writing (Broken Sequences) 
Procedure: There was one element in our first experiment 
which slightly bothered us. Although we had found consist- 
ent differences in decrement between work of different degrees 
of heterogeneity, we had not isolated that relationship with 
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the completeness which might be desired. The tasks studied 
were carried out from the beginning at several levels of 
efficiency and there seemed to us a slight, if unlikely, possibil- 
ity that the nature of our results might have been different 
had we been able to secure activities varying in homogeneity 
and decrement but approximately alike in initial efficiency. 
Our second experiment was an attempt to demonstrate the 
homogeneity-decrement in work performed with the same 
initial efficiency. 

As a first step we asked ourselves why, independently of 
the development of any marked decrement, the subjects 
found it so much easier to write a six-letter sequence like 
abcdefabcdef, etc., than a three-letter sequence like abcabc, etc., 
or a two-letter sequence like abab, etc. Of course, there is the 
possibility that a decrement related to homogeneity had 
developed before the end of the first minute of work. But 
there is another possibility that seemed to us more credible. 
The writing contained alphabetical sequences and such 
sequences may be looked upon as firmly established habits. 
When, however, the subject came to the end of his 2 letters 
in the two-letter work, of his 3 letters in the three-letter work, 
and of his 6 letters in the six-letter work, he was forced to violate 
an alphabetical sequence by writing such a sequence as ba, 
or ca, or fa. Now such alphabetic violations might tend to 
block the smooth progress of the work, in which event those 
tasks containing the most frequent violations might be ex- 
pected to be carried out at the lowest rate of speed. In 
the two-letter work these violations occurred between every 
other pair of letters, in the three-letter work they occurred 
between every third pair, and in the six-letter work between 
every sixth pair. Thus the frequency of the alphabetic 
violations does, in fact, correspond inversely to the general 
level of efficiency. We therefore set about to alter our ex- 
periment along the lines indicated by these considerations: 

The first procedure that occurred to us was that of utilizing 
only non-alphabetical sequences. This plan was rejected 
because of the fact that, under this condition, there would be a 
much larger learning factor involved in the writing of six- 
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letter sequences than in the writing of two-letter sequences. 
The plan adopted was that of having the subject break his 
writing—that is, leave such a space as is ordinarily left be- 
tween words—at the end of each two letters. In the first 
experiment, the writing ran continuously from letter into 
letter with breaks occurring only at the end of the lines. We 
felt that a sequence like abcdef, if written ab cd ef, would have 
little advantage over a sequence like ab ab ab. The breaks 
between pairs of letters might be expected to eliminate the 
difference which would exist between an alphabetical and a 
non-alphabetical transition. 

In this second experiment we studied work of only two 
degrees of homogeneity-heterogeneity, that is, two-letter work 
and six-letter work. Following the plan of the first experi- 
ment, we had the same letters represented in both degrees of 
heterogeneity. We had the following kinds of two-letter 
work: 

ab ab ab, etc. 


cd cd cd, etc. 
ef ef ef, etc. 


The six-letter work consisted in writing: 
ab cd ef abcd ef abcd ef, etc. 


The same general plan of equalizing the effects of practice was employed. The 
same 24 subjects served. Each one went through all of the above conditions twice. 
Because of the fact that in the first experiment practically all of the decrement obtained 
was obtained within the first 10 minutes, we limited the total working period to this 
time. Marks were made across the writing every half-minute instead of every minute. 


Experiments were made individually and a subject worked under only one condition 
on any day. 


Results: Figs. 6 and 7 show the curves for the two-letter 
and six-letter work secured by combining the results of all 
subjects for each of the two cycles of the second experiment. 
As in Experiment 1, generalized two-letter curves were ob- 
tained by combining the results from the 3 two-letter condi- 
tions. 

This second experiment strikingly supports the first in that 
the more heterogeneous work is much more resistant to the 
decrement effect. But the really important fact brougit out 
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Fic. 6. Work-Curves for Cycle I of Experiment 2. See legend for Figure 1. 
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by this second experiment is that this difference in decrement 
can be obtained from activities of the same or of similar initial 
efficiency. 

A word might be said as to whether the similarity in initial 
efficiency achieved in our second experiment was really 
achieved by reducing the effects of alphabetic violations in the 
tasks of unlike heterogeneity. By the time of the second ex- 
periment, the subjects had had considerable practice in work 
of this general type and it is conceivable that this practice 
might have somehow reduced the difference in initial efficiency 
between the different tasks. If this were the case, however, 
we should expect to find evidence for it in the successive cycles 
of the first experiment. But throughout that first experiment 
the differences in initial efficiency under the different degrees 
of heterogeneity show little or no evidence of decreasing with 
practice. Thus it seems probable that our introduction of the 
breaks after every two letters was the potent factor in ob- 
taining similar initial efficiency from the tasks employed. 
But however that may be, we have demonstrated that decre- 
ment can be increased by increasing the homogeneity of work, 


even if the initial level of efficiency of that work be left un- 
changed. 


C. Experiment 3: Letter-Naming 


Procedure: It was the primary purpose of our third ex- 
periment to test the generality of the conclusions from the 
first two. We wanted to see whether the same type of cor- 
relation between homogeneity and magnitude of decrement 
might be expected to hold for work differing considerably from 
the letter-writing which we had thus far utilized. Of course, 
we were limited in the work that might be studied, because it 
was necessary to select a number of tasks which, while varying 
in homogeneity, should vary in some definable way. And 
aside from the matter of homogeneity the tasks needed to be 
highly similar. The type of activity finally hit upon was sug- 
gested to us by the familiar color-naming test, which utilizes a 
card upon which patches of several different colors are spread 
at random. The subject goes through the patches, naming 
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each color as he comes to it. For the purposes of our study 
we found it desirable to substitute letters for colors. Other- 
wise our procedure was practically that of the color-naming 
test. This gave us an activity which, as compared with the 
letter-writing, was more perceptual than overtly motor. 

The reason why we used letter-naming rather than color-naming can be explained 
in terms of a secondary goal that we had set ourselves. In the first of the letter- 
writing experiments we had had three degrees of homogeneity-heterogeneity. This 
enabled us to establish within a very restricted range a markedly and consistently 
decelerated function representative of the relationship of the homogeneity factor to 
the magnitude of the work decrement. We hoped that in the third of our experiments 
we might do more than test the generality of our earlier findings. We hoped that, 
by studying—in the case of some additional activity—a greater number of grades of 
heterogeneity, we might secure a more comprehensive picture of the relationship of 
this type of variability to variability in decrement. By using 2, 3, 4, 5, or possibly 
6 different colors in the color-naming test one could study the effects of corresponding 
degrees of heterogeneity, but the use of more than 6 colors would run into difficulties 
connected with the general familiarity of the subjects with the nomenclature of color. 
There are, however, 26 letters whose names may be assumed to be well established 
for all adult subjects. Thus it was that, in order to secure as wide a range of homo- 
geneity-heterogeneity as possible, we substituted letters for colors. 

At each sitting a subject was presented with a cardboard, 
12 inches square. Upon this board there were 10 rows of 
4-inch gummed letters, 10 letters to a row. The subject was 
instructed to read through the card as rapidly as possible. 
Since every subject would have adopted some sort of rhythm 
for this work, we directed that the reading be in trochaic 
rhythm. Time was recorded for each reading of the card. 
No error score was recorded. Asa matter of fact, there were 
only a few scattered cases of misnaming throughout the entire 
experiment. Inefficiency appeared almost always simply as a 
temporary inability to call a given letter by any name. The 
subject read through the same card 20 times without rest 
between readings. Only one such performance was engaged 
in by a subject on a single experimental day. 

In all there were five kinds of cards, each kind representing 
a degree of homogeneity-heterogeneity. One kind contained 
2 different letters, another 4, another 8, another 16, and an- 
other 24. These letters appeared, of course, in random order. 
We had as subjects 18 graduate students in experimental 


psychology who were unaware of the results of our first two 
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experiments and also unaware of the specific purpose of the 
experiment in which they were working. All of these 18 
subjects went through all 5 conditions of the experiment 4 
times. In order to prevent the domination of the effects of 
practice the subjects went through the § conditions in a variety 
of orders. Since the number of subjects was not an even 
multiple of the number of conditions, we were unable to have 
every experimental condition occur an equal number of times 
in every practice-order. That our less precise method of 
minimizing the effects of practice was adequate will, however, 
be apparent when we come to consider the consistency of our 
results throughout the several cycles of the experiment. In 
order to minimize accidental differences in the difficulty of 
various letters and arrangements of letters, we utilized in the 
experiment as a whole 16 different two-letter cards, 12 different 
four-letter cards, 8 different eight-letter cards, and 4 each of the 
sixteen- and twenty-four-letter cards. We were, of course, as- 
suming that the more letters there were involved in the make- 
up of two cards of the same type, the less likely would there be 
important chance differences in difficulty between them. Our 
general set-up would have been nicer had we been able to repre- 
sent in each cycle of the experiment and in the work of each sub- 
ject the same letters in the two-letter work as were involved in 
the most heterogeneous work. But our ability to utilize sucha 
scheme in our first experiments was based upon the fact that 
we were there studying a very limited range of homogeneity- 
heterogeneity. ‘To have followed the same plan in this third 
experiment, which was designed to cover four times the range 
of homogeneity-heterogeneity covered by the first two, would 
have been quite impracticable. 

Results: Figs. 8, 9, 10, and 11 contain the work-curves 
secured during the four cycles of this experiment. Each curve 
represents the pooled performances of the entire group of 18 
subjects. From a superficial survey of these curves it is 
evident that the most general of our earlier findings are here 
confirmed. That is to say, the decrements are most marked 
where the elements in the work are relatively few and least 
marked where they are relatively numerous. There are, 
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nevertheless, a good many irregularities which render more 
exact conclusions from inspection difficult. In the first cycle 
the two more heterogeneous types of work have a much 
greater initial efficiency than the three more homogeneous 
types. After the first cycle the various types of work have 
about the same initial efficiency, though there is an outstand- 
ing exception in the case of the four-letter work in the fourth 
cycle. We must there have drawn one or more very difficult 
combinations of letters. 

Most of the curves contain a brief itnztial spurt (early high 
level of efficiency from which there is a relatively sudden 
falling off). There is reason to believe that the abrupt drops 
from the period of spurt are to be considered as fairly inde- 
pendent of the more general falling off which we are ac- 
customed to find in most curves of work. The initial spurt 
is about as marked in the curves which, when considered as 
wholes, show a minus decrement as it is in those curves which 
show a decrement throughout their entire length. We are at 
a loss to explain the fact that an initial spurt of this definite 
character appears in our third experiment but does not appear 
in our first two. Chapman and Nolan" have pointed out 
that initial spurt may be present without being detected, if the 
divisions of the work-curve are too few. If the first point on 
the curve represents the average level of efficiency for a con- 
siderable time-period, an initial spurt may be contained within 
that period and yet be obscured by virtue of the fact that it 
consumes only a small fraction of the period represented by 
that single point on the work-curve. ‘That does not seem to be 
the case here, however, because the recording of production in 
the first two experiments was not in terms of periods much 
larger than those involved in the third experiment. There is 
some basis for explaining why the second reading of the cards 
should so generally have been slower than the first. This 
matter simply looks like a type of refractoriness that one 
might expect as resulting from early repetition. But why 
efficiency so often improves after that second reading and why 


uC, J. Chapman & W. J. Nolan, Initial spurt in a simple mental function, 
Amer. J. Psychol., 1916, 27, 256-260. 
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there is no early abrupt decrement in the curves for letter- 
writing we are quite unable to say. 


The fact that the curves of the more heterogeneous work show an actual improve- 
ment in efficiency after the brief period of initial spurt is undoubtedly related to a 
tendency on the part of the subjects to learn a card as they repeated it. Indeed, 
some of the subjects reported that there was a memorization factor present in their 
performance. That this increase in efficiency is not a general practice effect for this 
kind of work is indicated by the persistence of the increase throughout the later 
cycles of the experiment, where we may assume that general practice effects had 
become somewhat diminished. 


But we have yet to touch on that phase of our results which 
is our main interest. We refer to the more exact relationship 
between homogeneity-heterogeneity and the magnitude of the 
work decrement. We determined the decrements in the 
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curves of the four preceding figures by getting the difference 
between the rate of the first reading of a card and its last read- 
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ing. We determined the decrement from these two end- 
points of the work-curves because, in those curves which 
showed a decrement most markedly, there was no indication 
of that decrement tending to come to an end before the end 
of the total recorded period of work. In Fig. 12 we have 
plotted for the four cycles of the experiment the relationships 
between the work decrement and the heterogeneity of the 
work. 

The functions secured are quite unambiguous. There is 
generally a regular, decelerated relationship between hetero- 
geneity and resistance to the decrement effect. In each of the 
first two cycles there occurs a first-order inversion of this rela- 
tionship, but even in these cases the trend of the functions is 
clearly as we have stated. Thus, in an experiment represent- 
ing a much wider range of homogeneity-heterogeneity than 
was present in the letter-writing, we are able to confirm our 
earlier findings. 

At this point there is one statement about this homogene- 
ity-heterogeneity matter that needs to be made. We do not 
for one moment assume that wherever different tasks show dif- 
ferences in homogeneity-heterogeneity there will be differences 
in decrement corresponding to the law discovered in our first 
three experiments. We are merely concluding that when 
decrement varies, homogeneity-heterogeneity variation may 
be the principal causal factor. The fact that the relationships 
found by us have such marked negative flexions suggests that, 
after a certain fairly low degree of heterogeneity is passed, 
further increases in this factor might have little influence upon 
the decrement. Dodge ” introduced his concept of relative 
fatigue in order to explain decrements whose magnitudes 
seemed fairly independent of refractoriness brought about 
by sheer recency or frequency of functioning of the activity 
in question. As one of us has shown," we can hardly question 
the importance of other principles than those of refractoriness 
brought about by recency and frequency of functioning. Our 
three experiments should be taken then merely as demon- 
strating that in work of a typically psychological sort homo- 


2 Psychol. Rev., 1917, 24, 101-113. 
8 Psychol. Rev., 1926, 33, 129 ff. 
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geneity-heterogeneity (that is to say, recency and frequency 
of functioning—see p. 416) is capable of being a notable 
determiner of degree of decrement and that the importance of 
this factor is probably much greater where the tasks concerned 
are, as tasks go, of a relatively homogeneous sort. 

Subjects’ Reports: In the third of our experiments the sub- 
jects were not directed to take a process attitude and it may 
be assumed that the attitude predominating during the work 
was objective. At the end of each day’s performance we did, 
nevertheless, call for reports. There are certain observations 
which were made so frequently that they must be accorded 
some general significance. 

(1) Eleven of the subjects noticed that the letter-naming 
went on much more smoothly while they were engaged in ap- 
parently irrelevant trains of thought. These ideational 
activities seem to have been of the order of fairly concrete 
fantasies. This fact raises a question regarding the nature 
of the ideational process. While it is interesting enough that 
the letter-naming went on most effectively while the subject 
was engaged in thinking of remote matters, it is more interest- 
ing that elaborate processes of ideation should go on simul- 
taneously with a continuous visual-vocal process irrelevant to 
that ideation. Evidently such visual images as these subjects 
had were not mere visual meanings of ocular movements, and 
evidently subvocal movements had no vital role in these 
ideational processes. 

(2) It was found in the writing experiments that “ block- 
ings’? were most often relieved by vocalizations. A similar 
phenomenon was reported in the letter-naming experiment by 
the majority of the subjects. In this case, however, the 
blockings were relieved by a wide variety of body and limb 
movements bearing no obvious relationships to the letters the 
reading of which they facilitated. 


III. Toe Factor or CoMPETITION 


Our first three experiments have shown how homogeneity- 
heterogeneity operates, when it does operate, as a principal 
determiner of the magnitude of the work decrement. The 
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next logical step appeared to be that of seeking a better under- 
standing of the /imitations of the influence of this factor. As 
we have already said, the fact that the functions obtained in 
the first and third experiments show such marked decelera- 
tions suggests that, after a certain minimal degree of hetero- 
geneity has been passed, further increases in heterogeneity 
may not be associated with changes in the magnitude of the 
decrement. It also occurred to us that, if there are other 
determiners of decrement, the presence of one of them might 
at times be so pronounced as to obscure the effects of varia- 
tions in homogeneity-heterogeneity. We let this second 
possibility set our next experimental goal, in that we sought to 
arrange an experiment in which the results of our earlier work 
might find an exception;—an experiment in which the more 
homogeneous work might show a decrement no greater than 
that shown by less homogeneous work. Such an experiment, 
we felt, would add to our knowledge of the limits of applicabil- 
ity of our earlier conclusions and, also, it might illustrate the 
importance as a decrement determiner of some other principle 
than that pertaining to the homogeneity of the work. 

But where were we to find tasks of variable homogeneity 
the decrements of which might be expected to be dominated 
by a factor that would bring about the larger decrements in 
the more homogeneous work? This general possibility came 
to mind. The susceptibility of an activity to decrement 
might easily be a function of the nicety with which the part- 
activities making it up are balanced. If a total activity is 
composed of a number of delicately integrated part-activities, 
any disturbing factor, such as too frequent repetition of opera- 
tion, might bring about a relatively profound loss of efficiency 
in the activity as a whole. Now there must be cases where, 
among acts of the same general type, those containing the 
most numerous part-activities are, by virtue of that very fact, 
more delicately integrated than those containing fewer part- 
activities and, therefore, more susceptible to the decrement 
effect. Of course, we do not mean that activities containing 
many part-activities will always be more delicately integrated 
and, therefore, more susceptible to disturbance, but merely 
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that more complicated acts are often more delicately set up 
than similar acts of greater simplicity. It is clear that in our 
first three experiments there was little reason to assume more 
delicacy of integration for the complex activities than for the 
simplerones. But it seemed reasonable to hope that we might 
find a form of activity in which greater complexity might mean 
greater delicacy of adjustment among part-activities and thus 
greater susceptibility to such a disturbing factor as excessively 
frequent repetition. 

It is a recognized principle that an act that exists always 
in close competition with certain other acts may suffer from 
too frequent repetition largely because a relatively slight loss 
in the efficiency of the act itself may be enough to favor a 
competing act, which may in turn block off the original act 
entirely.. 5 Thus where the simpler principles of refractori- 
ness would explain only a slight decrement, the presence of 
the factor of competition may make the actual decrement 
very marked. When, therefore, we think of the possibility 
of more heterogeneous work showing a more marked decrement 
(where greater heterogeneity means greater delicacy of inte- 
gration) we may perhaps assume that the delicacy of integra- 
tion is itself to be thought of largely in terms of the inter- 
competition of part-activities. In this case we may rephrase 
our aim as one of discovering a set of tasks in which, because 
complexity indicates more possibilities for competition, 
heterogeneity may be expected to be a positive rather than a 
negative condition of decrement. 


D. Experiment 4: Typing 

Procedure: The tasks finally selected for study involved 
simple finger movements. ‘The subject tapped with the first, 
second or third finger, or successively with two or three of 
these fingers upon the keys of a typewriter. The tapping was 
done with the better hand. The only keys used were those in 
the central portion of the bottom row of the key board; that 
is,v,b,and n. The margin-stops were set to allow S0 letters 
per line. ‘Twenty lines were written at a single performance. 


M4 Psychol. Rev., 1917, 24, 102, 105. 
&Psychol. Rev., 1926, 33, 129-131. 
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The time was recorded for each successive line. Errors were 
recorded from the typed copy. 

We considered the various tasks as falling into three homo- 
geneity-heterogeneity classes, according to the number of 
fingers involved. There was one-letter work; this consisted 
of writing vevevv, etc., with the first finger, bbbbbb with the 
second finger, or nnnnnn, etc., with the third finger. There 
was two-letter work; this consisted of writing vbvbvb, etc., with 
first (index) and second fingers, bnbnbn, etc., with the second 
and third fingers, or ynvnvn, etc., with the first and third fingers. 
There was three-letter work; this consisted of writing vbnvbn, 
etc., with the first, second, and third fingers. Conditions were 
properly reversed for the few left-handed subjects. 


In all of the writing tasks the subjects lifted the finger a slight distance from the 
key at the end of each stroke. Otherwise the one-finger writing might have consisted 
of single strokes differing radically in character from those used where the strokes 
were made successively by different fingers. Of course, we could hardly be sure that 
the stroking of the first finger, when only that finger was being used, was identical 
in character with the stroking of that finger when it was used alternately with one or 
two other fingers. This was not really necessary, however, for the purposes of our 
experiment. All that was necessary was that the one-finger work be more homogeneous 
—that it involve a greater amount of repetition of part-activities per letter written— 
than the two- and three-letter work, and that the two-letter work be more homogeneous 
than the three-letter work. We believe that these conditions were fulfilled. 

The writing was done on a late model Royal typewriter which was chosen because 
on this machine a prominent lever makes possible the rapid return of the carriage. 
Since we were studying continuous work, we naturally wanted as short a pause as 
possible between lines. 

The subjects were instructed to work as rapidly as they could without letting 
the keys interfere with each other. This interference factor was absent from the 
one-letter work, but that was a negligible difficulty. It would tend to allow greater 
speed in the simpler work and that would tend to produce a more pronounced decre- 
ment in such work. If, despite this fact, the more heterogeneous work showed an 
equal or greater decrement, our expectations would be fulfilled under unusually 
rigorous conditions. 

The subjects were 21 students from a graduate course in experimental psychology. 
They differed widely in typing experience, but since all subjects were represented 
under all conditions of the experiment we saw no reason to differentiate between them. 


As indicated, there were in all 7 writing tasks, 3 one- 
finger tasks, 3 two-finger tasks, and 1 three-finger task. The 
subjects were divided into 3 groups of 7 so that within each 
group the different subjects could all begin and end a cycle on 
different conditions. All subjects went through all conditions 











TWO FACTORS IN THE WORK DECREMENT 439 


6 times. On any single day a subject went through the same 
condition twice, with a rest of about 10 minutes between per- 
formances. Not knowing how much the second performances 
of a given day might be affected by the first, we kept the 
records of these first and second performances separate. 
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Fic. 13. Work-Curves for Experiment 4. First Trials. Horizontal axis repre- 
sents successive lines written. Vertical axis represents speed in terms of seconds 
per line. Curves are averages for 21 subjects and 3 cycles. 


Results: In Fig. 13 we have the work-curves for the three 
types of tasks, where those tasks were the first performed on 
an experiment-day. We have pooled the results of all sub- 
jects and all cycles of the experiment. The greater irregu- 
larity of the three-finger curve is almost surely a statistical 
matter. It represents the pooling of only one-third as many 
observations as were involved in making up each of the other 
two curves, because there was in the experiment only one form 
of three-letter work. 

It is plain from inspection that the decrement is at least as 
great for the more heterogeneous tasks as for the most homo- 
geneous. From the first to the twentieth line there is a loss 
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of about 1.1 seconds in speed in the one-finger work, a loss of 
about 1.6 seconds in the two-finger work, and a loss of about 
1.3 seconds in the three-finger work. While these losses do 
not show a markedly greater decrement for the more hetero- 
geneous tasks, they clearly indicate that in work of this 
general type the homogeneity-heterogeneity factor does not 
operate as it did in our earlier experiments. It looks very 
much as though the decrement produced in the one-finger 
work by virtue of its homogeneity were at least offset by the 
decrement which heterogeneity, presumably by increasing the 
competition factor, produces in the two- and three-finger work. 
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Fic. 14. Work-Curves for Experiment 4. Second Trials. See legend for 
Fig. 13. 

In Fig. 14 we have the work-curves obtained from the 
second performances on each experiment-day. ‘The results 
agree with those shown in Fig. 13. Certainly the one-finger 
work shows no more marked a decrement than do the tasks of 
greater complexity. For the single finger the total loss in 
speed is between 0.8 second and 1.1 seconds and for the com- 
binations of fingers it is from 1.0 to 1.3 seconds. 

The difference in general level of efficiency might suggest 
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the need of figuring the decrement in relative terms. Since, 
however, zero efficiency lies at some indeterminate speed and 
since that speed must be nearer that of the heterogeneous 
work than that of the more homogeneous work, it could add 
only something infinitesimal to the magnitude of the decre- 
ment in the former case. 

Thus far, in all of the activities studied, we have been in- 
terested in decrements in speed of performance. As we have 
said, errors were negligible in the letter-writing and in the 
letter-naming. But in this last experiment there were many 
errors. This was especially true in the more complex tasks. 
These errors consisted of wrong letters struck and of failures 
to carry the key down to an actual impression. Now at the 
risk of elucidating the obvious we may call attention to the 
fact that where losses in accuracy are concerned, there is 
special likelihood of obtaining a more marked decrement in 
relatively heterogeneous work than in work of a homogeneous 











30 
anee=mmpea= § Fingers laa 
2 
4 ae = 2 Fingers “\ PY é 
1 Finger / nN Pe // 
20 -f-- Mm X/ 
J S N, (iX ° “y 
hh “Fe [™ / wr Vv 
a 1S . ‘ x P Ww--* 
2 / te anaes 
o “. 
—. 
E10 
5 ott, eae i 
1@) 








fo) 2 4 6 8 10 12 14 16 18 20 


Successive Lines 


Fic. 1§. Work-Curves for Experiment 4. First Trials. Horizontal axis 
represents successive lines written. Vertical axis represents total number of errors 
per line. Curves are totals for 21 subjects for 3 cycles. 


character. In Fig. 15 we have work-curves in terms of errors 
for successive lines of typing. These curves are from the first 
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daily performances. Those from the second performances are 
so like those from the first performances that there is no 
reason to give them also. ‘The curves representing two- and 
three-finger work show pronounced decrements, while none 
at all are shown by the curve for one-finger work. 

Subjects’ Reports: The typing experiment adds little, 
through subjects’ reports, to what we have obtained. It was 
noticed that the typing proceeded more smoothly if not closely 
attended to. With the onset of pain in the hand and arm 
there were shifts in posture and in details of the movement 
which often brought relief. This is, of course, a very frequent 
occurrence in all forms of muscular work and one that makes 
the study of decrements in such acts somewhat difficult. If 
an act is complex enough to permit slight modifications with- 
out decreasing its productivity, production records may resist 
for a long time any serious decrement. 


IV. SUMMARY 


In beginning an experimental study of factors underlying 
the variability of the work decrement we attempted an exami- 
nation of the influence of the homogeneity-heterogeneity of 
the work itself. This factor we assumed to be important 
because of its very evident relationship to conditions of re- 
fractoriness. ‘The large biological phenomenon of refractori- 
ness is a direct correlate of the recency and frequency of 
functioning of the activity in which the refractoriness is mani- 
fest. Since relatively homogeneous work involves greater 
recency and frequency of functioning of each of its part- 
activities than does relatively heterogeneous work, we should 
expect psychological activities of a homogeneous sort to 
manifest more refractoriness and, therefore, more decrement 
than work of a more heterogeneous sort. The only problem 
was to discover activities in which variations in homogeneity- 
heterogeneity would be more important in determining decre- 
ment than other factors involved in those activities. In the 
rapid writing of simple alphabetical letter-groups and in the 
reading of letters printed at random on a card we found activi- 
ties answering our requirements. In both cases we were able 
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to show a definite, simple relationship between homogeneity- 
heterogeneity and the magnitude of the work decrement. 

We felt, however, that there might be many sets of tasks 
in which the variation of homogeneity-heterogeneity would 
not be the dominating factor in determining decrement. If 
the more heterogeneous of such tasks were also the more 
delicately adjusted, these more heterogeneous tasks might be 
as susceptible to the decrement effect as more heterogeneous 
tasks of the same general sort. The part-activities in the 
former case might tend to compete with each other and to 
offer great possibilities of interference, so that the fact that 
smaller elements of frequency and recency of functioning were 
present might be more than compensated for by the increased 
possibilities of competition. We sought an experimental veri- 
fication of this conception. We were successful in finding the 
verification in certain movements involving the use of one, 
of two, or of three fingers. In the case of these movements 
there was something like an equal decrement for the tasks of 
all three degrees of heterogeneity. We believe that the greater 
refractoriness set up in the more homogeneous activity by 
virtue of a greater factor of repetition was more than offset 
as the acts became more heterogeneous, because that very 
increase in heterogeneity of composition allowed in this case 
for an increase in the amount of possible competition between 
part-activities. 

We regard the experiments here reported as forming merely 
an entering wedge into the problem of the work decrement 
in psychological activities. The homogeneity-heterogeneity 
principle here demonstrated has, as we ourselves have shown, 
very definite limits. It may be obscured by a principle of 
competition. But we have here touched that principle only 
in the vaguest manner. One of us has pointed out’ on gen- 
eral grounds the probable complexity of this principle and a 
thorough experimental study of it offers a real challenge. 
Other principles are also surely fundamental in the determi- 
nation of the decrement and all of them offer rich territory for 
exploration. 


% Psychol. Rev., 1926, 33, 123-134. 
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REVIEW OF STUDIES ON LEGIBILITY 


The purpose of this study was to investigate the relative 
legibility of exponents and subscripts in mathematical formule 
as compared to the same symbols when used in the body of 
such formule. During the last twenty-five years, the experi- 
mental study of reading has been very prominent; and current 
methods of teaching the art of reading, as well as the efficient 
construction of books, are now making considerable use of the 
results of these investigations. Since an appreciable amount 
of the reading of students involves formule which are found in 
mathematical and scientific texts, it would be instructive to 
know more about the processes concerned in these ocular 
functions. Also it is important that such reading be made as 
rapid and as easy as possible. Sanford (26) very aptly says: 
‘The problem is to get the greatest amount of matter with 
the greatest ease in reading on the least space; or, as it has 
been phrased, to get the greatest legibility to the square inch.” 

Several investigations have concerned themselves with the 
legibility of the printed page. Some of the earliest of these 
experiments attempted to determine the legibility of the 
various letters of the alphabet and of various types of printing. 
As far back as 1881, Javal (19) came to the conclusion, after 
experimentation and observation, that the letters whose 
design was least desirable from the standpoint of legibility 
are: acefgrst. Cattell (5, 6, 7) exposed both capital 
and small letters for very short intervals. In this way he 
determined the relative legibility of the isolated letters by 
taking the percentage of correct readings of the various letters 


1 A summary of this paper was given at the meeting of the Western Psychological 
Association, Mills Coilege, California, June 18, 1926. 
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as exposed under these constant conditions. The order of 
capitals, from most to least legible, was found to be: W Z 
MDHKNXAYOGLQISCTRPBVFUJE. For 
small letters the order was: dkmqhbpwuljtvzrof 
naxyeigcs. In a somewhat similar experiment with 
brief expositions, Sanford (26) used Snellen small letters. 
He found the order of the isolated letters, from most to least 
legible, tobe: mwdqvyjp kfblighrxt ouanescz. 
Using the distance from the eye at which they became legible, 
he again determined the order of legibility of the same letters 
as: wmqpvyjfhrdgkbxIlnuatizocse. Showing 
a group of nine letters at each brief exposure, Finzi (14) used 
the percentage of misreadings to compute the relative legi- 
bility of the letters. ‘The descending order for legibility he 
found to b: PUAQXTDSEWMVYZHCNFLR 
GBKOTI. Finzi does not state what type or letter-form he 
used. Dockeray (9) obtained the legibility of isolated letters 
by determining the width of the field of distinct vision for each 
letter of the alphabet. The order of the letters from most to 
least legible for one of his three subjects was: m dk wp 
not exactly the same, for the other two subjects. Shaw (27) 
summarized up to 1908 the results of the investigations on 
the legibility of small letters of the alphabet. The letters 
wmgqpvjf he classed as most legible. Letters hrdgkb 
x 1 nu were classed as fair in legibility in comparison with 
the others; and the following letters were classed as poor: 
atizocse. 


TABLE I[ 


SUMMARY OF INVESTIGATIONS ON THE RELATIVE LEGIBILITY 
FOR THE LETTERS OF THE ALPHABET. THE ORDER 15 
(Lert to Ricut) rrom Most to Least Lecisie 


Finzi (1900)........ PUAQXTDS EWMVYZHCNFLRGBKOI 
Cattell (1886)...... WZMDHKNXAYOGLQISCTRPBVFUJE 


dkmqhbpwul jtvzrofnaxyei ges 
Sanford (1888): 


oo ere mwdqvyj pkf blighrxtouanescz 
Short Exposure... wmq pvyj fhrdgkbxIlnuatizocse 
Dockeray (1910).... md k*wp bo q y j rxaglvzistubhnce fe 








* Letters connected by an underscore were of equal legibility. 
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The outcome of the studies on the relative legibility of the 
letters has been brought together in Table I to facilitate com- 
parison. The most legible letters begin at the left of the 
table. From inspection it is seen that, with the exception of 
Finzi, there is considerable agreement in the results. In 
several instances a given letter occupies the identical rank in 
two or more investigations. In Sanford’s two methods of 
procedure, e.g., v, y and j were found in the same rank. 
The letter m gained the same position by Sanford (distance) 
and Dockeray, and t and e the same by Sanford (short ex- 
posure) and Dockeray. Similar identical placements appear 
in comparing Cattell’s results with those of the others. 
And where letters occupy different relative positions in the 
various studies, many of them are still in the same quartile. 
The amount of correspondence is best shown by correlating 
the different rankings with each other. This has been done 
by the rank-order .nethod in Table II. Finzi’s results do not 


TABLE II 


CoRRESPONDENCE AMONG THE INVESTIGATIONS ON RELATIVE LEGIBILITY OF 
LETTERS AS SHOWN BY RANK-OrpDER CORRELATION 





























Cattell: Sanford: 
Cattell: : Sanford: 
Capitals — Distance sani Dockeray 
p P.E p p P.E., p P.E., p P.E., p P.E., 
eee ree —.02/+.14]}/—| — i—| — ll — W-l 
Cattell: 
ere 24] %.13 |].14] -.14 |].15 | -.11 |].38] 4.12 
Small Letters. ..... 62 | +.09 |].57 | +.09 ||.58| +.09 
Sanford: 
NG dane 88 | +.03 ||.68 | +.08 
Short Exposure... . .64| +.08 



































correspond at all with Cattell’s capitals. It is more than pos- 
sible that he used a type or letter-form which prevents a re- 
liable comparison with the other studies. The positions of 
Cattell’s capitals show little correspondence with the positions 
of small letters in any of the experiments. The highest 
correlation coefficient here is only .38 +.12. This is to be ex- 
pected because of the difference in form of capitals and small 
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letters. The various placements of the small letters corres- 
spond fairly well, the coefhcients ranging from -57 x .O”9 to 
88 + .03. It is quite likely that these orders of legibility 
will not be materially altered by future investigations so long 
as the letter-forms remain about as at present. 

Sut there have also been studies so designed as to deter 
mine the relative legibility of the same letters or words when 
printed in different styles of type or when written by the hand. 
The effect of size, face, ornateness of type, as well as spacing, 
have been so studied. In an experiment to determine the 
influence of size and form on the legibility of letters, Griffing 
and Franz (17) found that it was always easier to read large: 
types than smaller; that, as the size of type decreased, the 
fatigue from reading rapidly increased; and that one could 
always read Gothic letters more easily than Roman.  Roeth 
lein (25) investigated the relative legibility of 26 different 
faces of printed types. The letters were presented singly and 
in groups. She came to the conclusion that legibility is a 
product of six factors; oiz., the form and size of the letter, 
the heaviness of the letter-face (the thickness of the lines which 
constitute the letter), the width of the white margin which 
surrounds the letter, the position of the letter in the letter- 
group, and the shape and size of adjacent letters. In working 
out a more legible form for a telephone directory, Baird (1 


found that increasing the leading between lines by a smal! 


amount was an important aid to legibility. Huey (18 
Blackhurst (4), and Bentley (3) have also shown the impor 
tance of leading in the legibility of the printed page. After 
reviewing several studies, Gray (16) concludes: ‘‘(1) Legi 


bility varies, to a greater or less extent, with style of type. 
The differences are much less when. letters are presented in 
Plain styles of type, such as Roman and Caslon, are much 
more legible than the more ornate styles of type, such as Old 


groups than when letters are presented in isolation. (2 


I’nglish and German type... . (3) Handwritten and type 
written materials are less legible than material printed in 
plain type.” 


Another factor in legibility enters when combinations of 


29 
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words are printed in lines for reading material. It is generall\ 

agreed that very long lines of print tend to lessen legibility. 
After experimenting, Dearborn (8) came to the conclusior 

that a line from 75 to 85 mm long and with type 1.5 mm hig! 

vives a satisfactory and efficient reading line. Huey (18 

thought that 90 mm should be the maximal line-length and 
60 to 80 mm the optimal. Both Dearborn (8) and Huey (18 

agree that regularity in length of line is an important factor 
in reading, because of the ‘short-lived motor habits’ set up 
by the eye in reading lines of uniform length. In an analytical! 
study Judd (20) found that doubling the size of eleven- 
point type, or reducing it to half-size made only a slight differ- 
ence in efficiency for adult reading. In a more elaborate 
study Gilliland (15) recorded eye-movements, using two series 
of reading material which ranged in size of type from 6 to 54 
points and from 3 to go points. He concluded that ‘the 
reading of the average adult is not greatly affected by changes 
in the size of type between the limits of 36-point and 6-point 
type.” In going over the various investigations, Gray (16) 
reports that it is generally agreed that printed letters should 
be a deep black, and the paper pure white and without gloss. 
The influence of colored paper on ocular efficiency has not 
been thoroughly investigated and no definite conclusion can 
be made concerning it. In England, the Industrial Fatigue 
Research Board is carrying out an investigation (13) to deter- 
mine the most effective contrast between colored papers and 
inks. Preliminary results suggest that color contrast is of 
comparatively small importance in hygienic printing. Starch 
(28) reports a study which agrees with this view. 


THe PLAN oF Our INVESTIGATION WitH FORMULZ 

In this investigation, which is the preliminary part of a 
larger study on the reading of formule, the attempt has been 
made to compare the legibility of certain parts of mathematical 
formule by comparing the reading-time of the digits I to 5, 
and the letters n, m, x, y, and t, when occurring in the body of 
the formule, to the reading-time when they occur as exponents 
or subscripts. ‘This comparison is designed to throw some 
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light on the relative legibility of the parts considered when 
the reading is done under approximately normal reading con- 
ditions. Most of the previous experiments which have in- 
vestigated the legibility of isolated letters, words, or like 
material, have used some form of short-exposure apparatus. 
While this kind of experiment has achieved noteworthy results, 
it is desirable here to provide a closer approximation to the 
normal reading situation. In his outstanding study of visual 
fixation Dodge (10) gave some consideration to this and late: 
when investigating the psychological effects of alcohol (11) he 
devised a technique and apparatus for the determination of 
the reading-time of four-letter English words. In this latte: 
publication he states the following important conditions. 
The stimulus should appear suddenly, all at once, in the field 
of clear vision, in order to increase to a maximum the visual 
controls which ordinarily complete the process which is begun 
in the prefixational perception of the reading material. ‘There 
should be provision for satisfactory adaptation to distance 
and to illumination. ‘The stimulus should remain in view 
until the act of perception has been completed and the re- 
sponse made. Continuation of the exposure after perception 
has taken place may be used as a check on misperception. 
The fulfilment of these conditions seemed to us to offer the 
best possibilities in our experiment. 

Three faculty members and four students in the Depart- 
ment of Psychology at Stanford were subjects in this experi- 
ment. Five of these had the equivalent of about two courses 
in high school mathematics, and the other two had completed 
calculus. This arrangement gave us a mediocre and a skilled 
group so far as mathematical training goes. All were tested 


with the Snellen chart for visual acuity. Those who wore 
glasses were allowed to keep them on in the visual test since 
they wore them while observing in the experiment. ‘They all 


tested 20/20, or above, on the chart. 

In order that the material to be read might approach as 
closely as possible the real conditions encountered by the 
student, mathematical formule were cut from 4 standard 
algebra texts (12, 23, 24, 30) and pasted on small cards about 
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7 cm by 3 cm in size. ‘These formule were of various sort; 
and lengths. About -inch below the left end of each formula 
a large black dot was placed for pre-exposure fixation. The 
distance from the left end of the formule to the parts to be 
read could not be exactly controlled. On the average, the 
exponents and subscripts were 0.5 of a letter-space nearer the 
left end than the digits, and 0.3 of a letter-space nearer the 
left end than the letters, in the body of the formule. There- 
fore any advantage derived from being nearer the left end of 
the formula would go to the exponents and subscripts. 


1 pparatus for Reading Reaction * 

The apparatus used for exposing the formule and recording 
responses was the same general scheme as described by Dodge 
(11), but with the modifications introduced by Miles (2, 22) 
for freeing the experimental procedure from several distracting 
factors. Its.main parts are: the exposure apparatus, a voice 
key, two electromagnetic markers, a large time-clock, and 
a Baltzar kymograph. ‘The exposure apparatus was on a 
wooden screen large enough to hide from the observer the 
kymograph and markers, as well as the manipulations of the 
experimenter. In this screen, at a level with the observer’s eyes, 
was a small window about 2 cm by 7 cm in extent. Behind 
this window was a light horizontal arm with one end attached 
to the screen and the other free to move past the window. 
The free end carried a pack of from 12 to 15 stimulus cards. 
The card-holding device was improved by Miles to hold 
several cards (he used packs of 25) instead of one as used by 
Dodge. With this arrangement the experimenter was able 
to slip out one of these cards after each exposure without any 
interruption of the kymographic record. Only the black dot 
on the stimulus card was visible to the subject during the 
pre-exposure interval, as the card-carrying arm was held up by 
an electro-magnet. This magnet was in circuit with the 
voice key, a marker and a switch on the kymograph. At 

?'This equipment was largely made possible by the Thomas Welton Stanford 


Fund for Psychological Research. The apparatus, as shown in Fig. I, is mounted on 


a smal] table and is to be used as a permanent reading-reaction unit. It is economical 


in space occupied and can be easily moved as a unit from room to room. 
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each half revolution of the kymograph drum, an automati 
circuit breaker attached to the shaft of the kymograph 
momentarily broke this circuit, releasing the free end of the 
arm carrying the cards, and at the same instant it caused the 
marker to record on the smoked kymographic paper. The 
arm quickly dropped far enough to bring the formula to the 
middle of the window at the spot where the fixation dot had 
been exposed. This arm was activated by a stout rubber 
band and was stopped suddenly and held firmly in the center 
of the window with very little noise and no vibration, by 
means of what Dodge calls the ‘pendulum stop.’ The main 
feature of this stop consists of two bars, one short and one 
long, riveted together in a movable joint. The long end of 
the lever thus made was attached to the movable end of the 
exposure-arm. ‘The short end was attached to the screen 
directly below the attachment to the arm. When the ex- 
posure-arm was up the short part of the lever was horizontal, 
and when down, vertical, and thus parallel to the long bar of 
the lever.* In this position, the arm holding the stimulus 
could move neither up nor down until the experimenter pushed 
the joint of the lever to one side. ‘The stimulus card remained 
exposed until the experimenter reset the apparatus for the next 
exposure. With this type of exposure, the suddenly dropping 
card came to a rest without any rebound or secondary vibra- 
tion so that the clearing up of the visual field was wholly 
physiological. Thus one obtained an exposure that has a 
minimum of interference with ‘the normal and adequate per- 
ception’ of the stimulus. The subject reacted by speaking 
into the voice key. ‘This broke the circuit again and thus the 
marker recorded a second time on the same line as contained 
the exposure mark. A time-line giving the time in seconds 
ran parallel to the reaction-line. ‘This made it easy to read 
the time interval between the beginning of the exposure and 
the beginning of the response. The subject sat with his eyes 
at a level with the exposure-window and at a comfortable 
reading distance from the stimulus card. With the exception 


? For Dodge’s description see Dodge and Benedict, Psychological effect of alcohol, 
Carnegie Instit. Washington, 1915, no. 232, p. 94, fig. 13. 
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of the first few observations these distances were measured at 
each sitting. They varied with the subjects from 13 to 16 
inches. An attempt was made to have each subject keep 
approximately the same distance in successive sittings. Fifty 





Itc. 2. Detailed view of the Dodge drop-exposure. A, voice key with sanitary 
Maper protector for applying to face; /, rear of screen; A, magnet; J), card-cart 
I } } PI » ne , b , , , 
arm; 7, card pack-holder; W, double pendulum-stop. 


exposures could be run off in about 20 minutes. This ex- 
posure apparatus is easily and inexpensively constructed. It 
should be found useful in many experiments involving visual 
perception. 

The voice key consists of a short brass tube about 17 inches 
in diameter, one end of which is formed to fit against the face 
surrounding the lips. Before using, a clean piece of paper 
is fitted around the speaking end to insure sanitation and also 
to protect the skin from contact with the cold metal. Into 
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the other end 1s fitted a hard rubber ring which holds a sprin, 
break-key. A thin rubber membrane is stretched across 1 
end of the cylinder so that it holds the spring key closed. .\ 
pressure, caused by speaking into the cylinder, pushes out t} 
membrane and allows the key to open. A vent in the side 
the cylinder allows the air to escape and the membrane 
readjust itself. 

The stimulus marker and the time marker were mounted. 


; X10 in., hinged to a woode: 


side by side, on a board 1 x 6 
box support.) When not in use or when a drum was to bi 
changed the board could be turned back on its hinges and 
away from the kymograph. This practical arrangement mad 
the adjustment of the markers for successive records bot} 
easy and accurate. A small rheostat was inserted in the time- 


circuit and the exposure-response circuit. 


[;XPERIMENTAL PROCEDURE 

The experiment was conducted under artificial illumina 
tion which was (as determined by the Foot-Candle Meter ot 
the Edison Lamp Works) 14 foot-candles per square foot. (I 
is recommended that a drafting room have an illumination of 
15 foot-candles per square foot and a school room 8 foot- 
candles. ) 

ach subject observed at regular periods for g weeks. 
The first week was devoted to practice. In the fore part of 
each week for the first 7 weeks, the subjects read digits and 
letters in the body of the formule and, in the latter part, ex- 
ponents and subscripts. On one-half of the days that digits 
and letters were read, digits were read first, and on the other 
days letters were read first. At the beginning of the experi- 
ment, the subjects were told the purpose of the study and were 
instructed how to use the voice key. Hach day before reading 
digits the subjects familiarized themselves with the following 
instructions: 

When the ready signal is given look at the dot on the card exposed in the window. 
Shortly after the ready signal, the card will suddenly drop down enough to expose a 


‘This feature of technique for adjusting markers to smoked drums has been 
developed by Professor Miles at the Stanford Laboratory. ‘The author recommends 
it as having several advantages over ring-stand supports, especially in semi-permanent 


setups. Not the least advantage is that the markers are held without vibration. 
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formula. Donot attempt to anticipate or move the eye in the direction of the formula, 
but wait until it appears. Speak the first digit you come to in the body of the formula, 
reading as usual from left to right, and reading numerators before denominators 
where fractions are involved. Exponents and subscripts do not count in this experi- 
ment and are not to be pronounced. Do this as quickly as you can but be sure that 
you are correct. 

Before reading letters or subscripts the subjects familiar- 
ized themselves with instructions similar to the above but 
appropriately modified. About 1} seconds before each ex- 
posure the experimenter gave the ready signal. 

At the end of each sitting the subject was asked to give a 
written report discussing the facility or difficulty he encoun- 
tered in making the observations, the place where difficulties 
occurred, and his degree of assurance. 

For the observations during the second week an entirely 
new set of formule was used. ‘The formule used during the 
first week were employed again in the third week, but in a 
different order, which was determined by chance. This 
arrangement was followed throughout the experiment. 

During the eighth week the same formule were used as 
during the previous weeks but the procedure was changed. 
The subject reacted by speaking the word ‘found’ into the 
voice key as soon as he came to the first digit. A similar 
routine was followed for letters and for exponents and sub- 
scripts. 

Using the same apparatus and the method employed 
during the first seven weeks, the average reading-time for each 
subject was found for fifty four-letter, monosyllabic English 
words. This material made it possible to compare the 
‘formula’ reactions with reactions for words, the reading of 
which involved no selection from the material presented on 
the screen. In order to familarize the subjects with these 
words they were arranged in an order different from that em- 
ployed in the experiment, and were read over once before the 
experiment began. 

A series of typewritten formule was constructed, in which 
the exponents were considerably larger than those found in 
the algebras, although smaller than the typed characters in 
the body of the formule. The reading-times of the two sym- 

30 
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bols m and 2 were used from the data collected in the reading 
of these typed formule. The formule containing these two 
characters were arranged in chance order among the whole 
set of typewritten formule read. The distance of m and 2 
from the left end of the formule was, on the average, just the 
same when used as exponents as when employed in the body 
of the formula. ‘The same experimental procedure was carried 
out as in the first experiment. 


EXPERIMENTAL RESULTS 


The intention of this experiment was not to obtain absolute 
values for reading parts of mathematical formule, but rather 
to obtain these reading-reactions under constant conditions 
for the purpose of comparison. One of the most striking 
things demonstrated by objective studies of reading is the 
great range of individual differences in speed and compre- 
hension. The individual differences among our subjects in 
reading parts of mathematical formule were also pronounced. 
Since they were as large as the difference between the naive and 
the mathematically skilled observers, and since all the records 
showed the same tendency, all the results have been averaged 
together. In considering these results one must keep in mind 
the number of subjects employed. The conclusions arrived 
at are tentative and suggestive rather than final. 

In Table III are shown the average reading-reactions for 
symbols read as exponents or subscripts, and also symbols read 
in the body of the formule by seven subjects. Exponents and 
subscripts were put in the same category in this experiment for 
two reasons: (1) They are both small and of the same size; 
and (2) they are both out of alignment with the horizontal 
line of reading. The written observations of the subjects 
seem to have justified this procedure. Some of the subjects 
claimed that the exponents were harder than subscripts to 
read, a few said that the subscripts were harder, and still 
others stated that the two were of equal difficulty. Some of 
the observers were not consistent as they changed their opinion 
in this regard at different sittings. 

It is seen from Table III that, on the average, letters were 
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read .04 sec quicker than digits when both appeared in the 
body of formule. Nevertheless every subject reported that 
letters in this position were harder to read than digits. The 


TABLE III 


Reapinc Reactions ror Certain Parts or MATHEMATICAL ForRMULA 
(Time 1n 1/100 Sec.) 





Digits and Letters Used 








= se 1torN 2o0or M or X or Y or T Average 
Position Kind . 3 4 5 crag 
within of 
Formula Reaction 


Av.| A.D.| Av.| A.D. | Av. | A.D.] Av. | A.D. | Av. | A.D. | Av. | A.D. 


Exponent or| Digit | 68] 14 | 84] 18 | 76] 17 | 78] 11 | 73] 11 | 74] 14 
subscript — — — 
Letter | 83 | 21 | 87] 24 | 80] 18 | 76] 19 | 93] 28 | 83] 22 
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In body of} Digit | 76] 21 | 67] 16 |60] 12 | 70] 14 | 68] 17 | 68] 16 
formula. }—————|—— — — — — 
Letter | 67] 14 | 61] 11 | 65] 11 | 62] 13 | 66] 17 | 64] 13 










































































difference is not large enough to be of much significance but 
it is interesting because when these same letters and digits are 
read as exponents or subscripts a more significant difference 
does appear in the opposite direction. There the average 
reading-time of digits was .0g sec faster than for letters. This 
greater speed for digits was largely due to the rates found for 
reading the symbols z and 5. The longest reading-time was 
for t when read as an exponent and as a subscript. 


TABLE IV 


DIFFERENCES IN READING Reactions For CERTAIN PARTS OF MATHEMATICAL 
ForMUL&. Exponent AND Susscript Time Minus Bopy Time. 
(Time 1N 1/100 Sec.) 














Reading 1or N 2orM 30rX 4 or Y sorT Average 
Difference 
for: Av. | A.D.| Av. | A.D.| Av. | A.D.| Av. | A.D.| Av. |] A.D.| Av. | A.D. 
ee —8|—7] 17 2116] 5s 8/—3| 5|—6| 6] —2 
eee 16] 7] 26] 13 | 15] 7 | 14 6| 27] 11] 19 9 









































Comparison of the differences in reading-times of symbols 
as exponents and subscripts and symbols in the body of the 
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formule is shown in Table IV. It is seen that the digit 7 
was read nearly 1/10 sec faster when a subscript than when in 
the body of the formula. Inspection of the written observa- 
tions and of the formule employed as stimuli gives a possible 
explanation of this. In the body of the formule 7 nearly 
always occurred as part of a number such as 12, I0, or 130. 
Every subject reported the tendency to speak the whole 
number and this had to be inhibited before z could be pro- 
nounced. As subscripts, the z’s were nearly always discrete. 
Most of the subjects observed that discrete symbols were 
comparatively easy toread. This agrees with Roethlein (25) 
who found that the legibility of letters was greater when they 
were presented in isolation than when presented in groups. 
Digits 2 and 3 were read appreciably faster in the body of the 
formula, while for 4 and 5 there is not such a significant differ- 
ence. The fact that the digits z, 4 and 5 have more individu- 
ality in form, especially the upper half of 4 and 5, indicates 
that probably these digits are more legible than the others. 
Whipple (31) says that, in digit cancelation tests, o and 4 
are harder to cancel than s or 7, and that 6 and g are the most 
difficult of all. Messmer (21) claims that form is related to per- 
ception. He states that breadth, height and geometrical form 
are significant characteristics of letters. According to Shaw 
(27) and Huey (18) the upper half of letters and words in the 
printed line is of greater importance for correct perception 
than the lower half. The variation in reading-times for let- 
ters as exponents or subscripts was appreciably greater than 
for letters read in the body of formule, while that for digits 
showed little difference. With letters there is a consistent 
trend. Every letter in the body of formule is read signifi- 
cantly faster than the corresponding exponent or subscript. 
The range of differences for reading in these two positions 
was .14 to .27 sec, which was for y and ¢ respectively. The 
average difference between exponent or subscript versus 
body was only .06 sec for digits but was .19 sec for letters. 
- This shows rather emphatically that the five letters lose com- 
paratively more in legibility when used as exponents or sub- 
scripts than do the digits. 
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TABLE V 


AVERAGE ReEapInG Reactions For Various Types oF MATHEMATICAL 
MATERIAL AND FOR 4-LetrerR ENGLisH Worps 
(Time 1n 1/100 Sec.) 














Exponents and _ 
Subscripts Digits Letters 
Kind of Reaction 

Av A.D Av A.D. Ay A.D 
0. eee 61 11 ss 10 $3 9 
Naming when ‘Found’ ..... 97 13 RS 11 86 8 
Typed Formule............ ey* ~ 53 13 = 

67T 9 = — 63 11 
Text-Book Formule........ 79 18 68 16 64 13 
Naming 4-letter words....... 42 3 























* This horizontal line represents reaction to the digit 2. 
t The letter m was used as stimulus in this line of reactions. 


Table V gives the average reading-times for various kinds 
of mathematical material and for 4-letter English words. 
In the first row are the reaction times when the subjects 
spoke ‘found’ as soon as they had discovered the position of 
the desired symbol without waiting to perceive its identity. 
This experiment was performed with the hope that it might 
throw some light on the influence of position on reading-times 
for exponents and subscripts. Every subject reacted with the 
word ‘found’ in a shorter time than he could name the cor- 
responding character. The first column of Table VI shows 
that the averages of these differences are significantly large. 
In Table V are given the average reading-times for naming the 
different items after they had been found. They maintain 
the same relative position as the reading-times determined in 
the first part of the experiment. Naming the symbol after 
saying ‘found’ was merely for the purpose of checking the 
correctness of responses. The same table indicates that it 
takes a little longer to find exponents and subscripts than it 
does to find the same characters in the body of formule. 
These differences are about the same as those between reading 
digits in the two positions, but much less than the difference 
between reading letters in the two positions. In the written 
reports, most of the observers claimed that they knew what a 
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letter or digit was as soon as it had been found, but did not 
know the name of exponents or subscripts as soon as they had 
localized them. This small difference in time between ‘find- 
ing’ exponents or subscripts and characters in the body of 
formule together with the reports of the observers suggests 
that position is one of the factors which make exponents and 
subscripts less legible, but is not the only factor. 


TaBLe VI 


DIFFERENCES IN READING REACTIONS FOR Parts oF MATHEMATICAL FORMUL® 
IN Various Types oF MATERIAL (TIME IN 1/100 SEc.) 











Text-Book Naming After ‘Found’: ‘Typed’: 
Formule ‘Found’ Exponent Exponent 
Minus Minus and Subscript Minus 
Parts ‘Found’ Text- Book Minus Body Body 
Av. A.D. Av. A.D. Av. A.D. Av. A.D. 
Exponents and Subscripts | 18 7 19 6 —- — — ~- 
Sere 13 6 20 —5 6 I 4 —2 
er er eee II 4 22 —5 8 2 4 —5 





























The experiment in which typed formule were read was 
intended to throw further light on the influence of position on 
legibility of exponents and subscripts, as well as the influence 
of size. The symbols m and 2 were chosen to be reacted to 
because they had been read with significantly less times in the 
body of formule in the first experiment. In these formula 
the exponents were large when compared to those cut from 
text-books, but were smaller than the symbols in the typed 
body of the formula. The exponents were always discrete. 
Any difference in reading-times for the different parts of these 
formulz would probably be due, in part at least, to the posi- 
tion of the exponents. ‘The reading-times are found in Table 
V. Table VI shows that both 2 and n were read in the body 
of the formule .04 sec faster than as exponents. From this 
and from the results of reacting with ‘found’ it is indicated 
that position is one of the factors which lessen legibility of 
exponents or subscripts when compared with the characters 
in the body of formule. The shorter reading-times when 


compared with text-book formule indicate that size is another 
factor of legibility. 
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At the bottom of Table V is shown the average reading- 
time for familiar four-letter English words. The reading 
time for the seven subjects was .42 sec with an average devia- 
tion of .03 sec. Ina similar experiment with four-letter English 
words, Dodge (11) found an average reading time of .46 sec 
with an average deviation of .04 sec for seven subjects. The 
shorter time for the subjects in this experiment is very likely 
due to the large amount of experience they had had with our 
apparatus. It should be noted that this reaction-time, which 
involved no selection from material exposed, is considerably 
shorter than any of the reading-times for parts of formule. 
The reading of only a single designated part of the material 
exposed does, to some degree, set up an artificial reading situa- 
tion. Throughout this experiment, however, this artificial 
reading situation has been held constant for the things com- 
pared and therefore it should not invalidate the results. 


ANALYSIS OF THE REPORTS 


The written reports of the subjects show some of the 
difficulties encountered in reading parts of mathematical 
formule and also throw some light on how formule are read. 
An analysis of the reports indicate that there were six differ- 
ent sorts of difficulty involved in reading certain parts of for- 
mulz in this experiment. 

(1) The Kind of Thing to Be Read.—Letters in the body of 
formule were considered a little harder to read than digits. 
Nevertheless Table III shows that letters in this position were 
read with somewhat shorter times than digits. Exponents 
and subscripts were said to be much more difficult to read 
than the corresponding symbols in the formula body. The 
fact that they are scattered over a wider vertical range was 
considered as one of the factors here involved. This checks 
the objective data. A greater effort of attention was required 
when reading exponents and subscripts. Letters as exponents 
or subscripts were considered more difficult to read than digits 
in the same position. This also agrees with the objective 
results. For some strange reason letters are always smaller 
and often less distinct in heaviness of face than the digits 
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which are printed with them, especially when used as ex- 
ponents or subscripts. This adds to the poor legibility in- 
herent in certain letters. As noted before, exponents and 
subscripts were considered to be of equal difficulty. 

(2) Certain Letters—In the body of formule ¢ gave the 
most trouble. The letters x and y were called difficult and 
m and n easy in this position. The digit 4 was perceived with 
great facility in the body. As exponents or subscripts, the 
letters x, y, and t were considered much harder to read than 
mand n. One observer gave the order of facility from easy 
to hard as m, n,t, y, x. By referring to Table I, it can be seen 
that those letters which gave the most difficulty are usually 
classed as poor in legibility. In spite of the outcome of the 
studies on the legibility of letters, the writers of mathematical 
texts persist in using letters which are less desirable from the 
standpoint of reading. 

(3) Size-——The small size of digits and letters as they 
occurred in exponents and subscripts was considered a source 
of difficulty. ‘The digits and letters presented unequal diff- 
culties, however, in these positions. Letters were harder to 
read because they seemed smaller, less definite and more com- 
plicated in structure than digits. The subjects stated that 
the x as read here seemed particularly small and indistinct. 
One observer stated that the size of the letter or digit and its 
position in the formula were of more importance than the 
particular symbol read. Size as a source of difficulty agrees 
with the objective results of the experiment and also with the 
results of other investigators (25, 17). 

(4) Fractions—The need of shifting considerably the align- 
ment of the eyes where fractions were involved offered ob- 
stacles to easy reading. In most subjects there was a marked 
tendency to continue with the eye right along the horizontal 
line of print rather than to shift the eye down to read the 
denominator, when one was present. This indicates, probably, 
that the reading of mathematical material which involves a 
large amount of fractions is a difficult and fatiguing task, ex- 
cept possibly for those who are habitual users of such subject 
matter. 
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(5) Complexity—A relatively complex formula consci- 
ously hindered the ready perception of the desired character. 
Long formule were more difficult than short. Confusion 
tended to enter even though the desired symbol was at the 
beginning of the formula. A discrete, uncomplicated ex- 
ponent or subscript was comparatively easy to read while 
two or more exponents or subscripts in close spatial relation 
set up a tendency to read the whole group or to pronounce the 
most conspicuous member of the group. This agrees with 
Roethlein’s (25) results on the legibility of letter-groups. 
The presence of radical signs, brackets and unusual con- 
structions in formule caused complexity and thus harder 
reading. When the character to be read was at the right end 
of a long formula or to the right of an equality sign, a delay in 
response was often noted. 

(6) Configuration.—A combination of digits or of a digit 
and a letter was often perceived as a whole and the sub- 
ject had to inhibit the tendency to speak the whole combi- 
nation before he could read the desired symbol. When such 
numbers as 12, 130, or 386 occurred and the subject was to 
read the first digit, there was a decided tendency to speak 
the whole number. In an eye-movement study, Terry (29) 
found that certain familiar numerals seemed to be read as 
wholes. Some subjects read two digits at a single fixation, 
some three and one as many as four. This may indicate that 
where there are numbers of different lengths, there is some 
grouping of digits into perceptual units. In our later study 
on the reading of mathematical formule this subject will be 
given further consideration. 

Some of the subjects were aware of eye-movement in the 
reading of parts of formule. The saccadic movements in the 
horizontal were the type noticed. These movements became 
especially noticeable where the formule were long and the 
desired letter or digit was well toward the right end. 

The assurance that the responses were correct was always 
high. Assurance here, of course, can only refer to the interval 
between the exposure and the beginning of the vocal reaction. 
While he is speaking, the subject may notice tnat he is in 
error. 
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SUMMARY AND CONCLUSIONS 


1. Investigations of various authors on the relative legibil- 
ity of the small letters of the alphabet agree fairly well with 
each other in results obtained. Some letters are designated 
as high in legibility, others as only moderate, and still others 
as low. In spite of these discoveries, letters such as a, ft, 1, 2, 
c, s, and e, which are low in legibility, and n, x, k and r, which 
are only fair in legibility, are widely used in formule, many of 
them in very small type, as exponents and subscripts. The 
more legible letters should be made use of in place of the less 
legible in the construction of mathematical and related form- 
ule. | 

2. In the body of formule, letters were read slightly 
quicker (.04 second) than digits. As exponents or subscripts, 
however, letters were read .og second slower than digits. This 
indicates that the legibility of these letters decreases with 
decrease in their size at a greater rate than it does for the digits. 

3. The average increase in reading-time of digits as ex- 
ponents and subscripts over that in the body of formule is 
06 second. The digits 2 and 3 were the only ones that had 
really significant increases. This suggests that 2 and 3 are 
less legible than the other digits used. 

4. On the average, letters as exponents and subscripts 
were read .19 second slower than in the body of formule. 
Every letter showed a significant trend in this direction. 
Therefore these letters, as printed in standard mathematical 
texts, are considerably less legible as exponents and subscripts 
than in the body of formule. These letters lose comparatively 
more in legibility than do the digits when both are used as 
exponents and subscripts. 

5. Digits and letters in any part of formule could be 
‘found’ appreciably quicker than they could be named. 
The identity of any digit or letter in the body of a formula was 
perceived as soon as it wasfound. As exponents or subscripts, 
however, the identity of the symbols was not perceived as 
soon as they were localized. Digits could be ‘found’ .06 
second quicker, and letters .o8 second quicker than exponents 
and subscripts. This indicates that position is one of the 
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factors in the legibility of exponents and subscripts, but not 
the only factor. 

6. In typed formulz, where exponents were discrete and 
the factor of size materially lessened, the letter and digit were 
read .04 second faster in the main body than as exponents. 
When text-book formule were used, these differences for n 
and 2 were .16 and .17 second respectively. This indicates 
that size is a factor in the legibility of exponents and subscripts. 
It also supports the contention that position is also a factor. 

7. The average reading-time for four-letter English words 
was .42 second, which is considerably shorter than the times 
for any of the formule read. This shows that reading which 
does not involve selection from material presented is easier 
than that which does. 

8. The difficulties encountered in reading certain parts of 
mathematical formule were of six different kinds: (1) Letters 
were considered a little harder than digits in the formula-body 
and the letters were called much harder than digits used as 
exponents and subscripts. Exponents and subscripts were 
termed much more difficult than the symbols in the body. 
(2) In the body of the formulz m and n were considered easy, 
x and y more difficult, and t very difficult to read. As ex- 
ponents and subscripts, though all letters were hard, the same 
rank-order of difficulty held as in the body. (3) The small 
size of digits and letters affected the legibility of letters more 
than that of digits. (4) The need of shifting considerably 
the alignment of the eyes where fractions were involved offered 
obstacles to easy reading. (5) A relatively complex formula 
consciously hindered easy reading. Factors influencing com- 
plexity were; long formule, compound exponent or subscript, 
radical signs and brackets. (6) The tendency to perceive 
combinations of digits or a digit and a letter had to be in- 
hibited before reading the single item. 

9g. The subjects were all quite confident that their re- 
sponses were correct. 

10. There seems to have been no intelligent effort to con- 
trol to the best advantage the size, heaviness of face, and the 
width of the white margin surrounding the symbol in regard 
to the legibility of the printed formula. 
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11. An effort should be made to arrive at a more legible 


and yet economical printed page of mathematical formule. 


Lol 
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THE INFLUENCE OF CONTEXT UPON 
LEARNING AND RECALL 


BY SHUH PAN 


Psychological Laboratory, University of Chicago 


INTRODUCTION 


This experiment was designed to test the dependence of 
learning and recall upon the environmental situation in which 
the material is presented. Our subjects were required to 
memorize pairs of words presented in various contextual 
situations, and they were later tested for their ability to recall 
this material when the contextual situation was present, 
absent, or altered in certain specified ways. 

A somewhat similar experiment has been performed with 
the use of animals under the maze problem. After his rats had 
mastered the problem, Watson (6) rotated the maze in refer- 
ence to its extraneous environment, and then tested the ability 
of his animals to run the maze with this change of environ- 
mental conditions. The experiment was repeated by Porter 
(4) and by Hunter (2), using sparrows and pigeons respec- 
tively. In all three experiments the animals were confused, 
the confusion being indicated by an increase in the time and 
in number of errors. Presumably the animals had learned to 
respond to some extent to the sensory environment in which 
the maze was situated, and hence they were disturbed when 
this relation of the maze to its environment was altered. 

This dependence of the ‘maze habit’ upon the extraneous 
environment has been systematically studied by Carr (1), who 
varied the relation of the maze to its environment in various 
ways while the rats were learning and after they had mastered 
the maze. His experimental conditions and results are listed 
in Table I. On the basis of these data Carr concluded that 
the rat learns to adjust to the entire sensory situation and 
hence stability of this situation is conducive to learning and to 


the functioning of the act after it is learned. ‘Any sensori- 
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TABLE I 


A Summary or Carr’s Exper!IMeENTAL RESULTS 


Alteration of Conditions during Recall 
(after Learning) 


Covering maze with canvas top after 
it was learned 


. Uncovering maze after learning. 


Change from poor daylight illumina- 
tion to normal daylight illumination 


. Uncovering maze. Change from ar- 


tificial illumination to daylight illu- 
mination. 


Increase of illumination 


Decrease of illumination 


Change of position of experimenter 


Rotation of uniform environment 
(canvas top) 


Rotation of heterogeneous environ- 
ment (canvas top with one side open) 


Change of position of maze in the 
room 


Rotation of maze. 5 experiments 
with various conditions 


Rotation of maze and environment 


Alteration of Conditions during Learning 


Maze rotated 90 degrees for each 
day’s test 


Maze covered by canvas top 


Effects 


No effect 


No effect 


5 out of 10 rats affected. Average error 
for those affected increased from 0.20 
to 1.07 


7 out of 10 rats affected. Average error 
increased from 0.51 to 1.35 


7 out of 10 rats affected. Average error 
increased from 0.21 to 3.18 


All rats affected. Average error in- 
creased from 0.11 to 2.50 


No effect 


§ out of 7 rats affected. Average error, 
1.90 


4 out of 6 rats affected. Average error, 
2.08 


All showed disturbance. Results in har- 
mony with those secured by Watson 


On average 8 out of 10 rats disturbed. 
Average error, 1.40 


Effects 
Average number of trials required for 
mastering the maze, 30. Group zero 
error record first obtained on 36th trial 
Average error, 196. The corresponding 
values for a group learning the same 
maze while it is stationary were 18, 22, 
and 144 respectively. A comparison be- 
tween two other groups with previous 


‘experience upon different types of prob- 


lems showed similar results. 


Average number of trials, 26; average 
number errors, 282. The corresponding 
numbers for the control-group were 18 
and 144 respectively 
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motor act cannot be regarded as an isolated independent 
function; the act was learned within a wider sensory environ- 
ment, and it never ceases to be wholly free from those condi- 
tions either during or after its development” (p. 291). 

Smith and Guthrie (5) mention two experiments in which 
human subjects were employed. In one of these experiments 
the subjects learned a list of 10 nonsense syllables in the 
laboratory, and relearned it 72 hours later in the laboratory; 
learned a second list in the laboratory and relearned it out of 
doors; learned a third list out of doors and relearned it in the 
laboratory, and, finally, learned a fourth list out of doors and 
relearned it in the same environmental situation. “In eight 
of the ten subjects there was greater saving in each case where 
relearning occurred in the same surroundings in which the 
first learning had taken place. Two subjects showed in one 
of their four series a greater saving where relearning had 
occurred under dissimilar conditions. An average of I1.4 per 
cent. fewer repetitions were required to relearn in similar 
surroundings” (p. 112). In their second experiment the 
subjects copied a list of letters on a typewriter the keys of 
which had been arranged in a random order. “A variable 
condition consisting of the presence or absence of the odor of 
oil of peppermint was used.”’ A second practice occurred 24 
hours later. ‘*Thirteen subjects were used, and the average 
saving in the time required to repeat the list was 9.4 per cent. 
greater when the repetition took place under the condition of 
the first practice” (p. 113). 

Another study with human subjects is reported by Wong 
and Brown (§), who had two similar groups of subjects solving 
Yerkes’ multiple-choice problems in two rooms; a ‘good’ 
room and a ‘bad’ room. The ‘bad’ room was an attic room, 
poorly lighted, dusty, and filled with various objects in dis- 
order. The ‘good’ room was a well-lighted and well-furnished 
office. In the given time allotted, the subjects working under 
the distractive condition solved an average of 5.6 problems per 
individual, and the average number of trials required per in- 
dividual was 230. The corresponding records for the other 
group were 7.8 and 243. The group working under a favorable 
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environmental condition was thus able to work faster and 
solve more problems in a given amount of time. 


MATERIALS AND METHOD 


The materials to be memorized, with one exception, con- 
sisted of lists of 20 pairs of logically unrelated words of com- 
mon usage. Words of one or two syllables were used for the 
most part. Thirty-two such lists were employed. With a 
few exceptions, no word was used twice with the same subject. 

These lists were presented by means of a memory drum. 
The time of exposure per pair of words was 3 seconds. Three 
or four presentations of a list were given in succession, and 
the amount learned was tested by an immediate written re- 
production. The material was thus only partially learned. 

The amount retained after 24 hours was tested by a similar 
written reproduction. In these tests, both immediate and 
delayed, the stimulus words were presented in an altered 
temporal order, and the subjects were required to write the 
response word upon a blank card provided for that purpose. 
The time for recall was not limited, but it did not exceed 10 
seconds a pair. 

In a subsidiary experiment, the material consisted of a 
list of 24 pictures of human faces, each paired with an un- 
familiar name. These pictures were taken from a popular 
magazine, the two sexes being equally represented. Each face 
and its paired name were presented on a picture post-card. 
The 24 cards were arranged in a pack, face down. The cards 
were turned and exposed one by one. The exposure time per 
card was 3 seconds. The subjects were tested for the amount 
learned after each presentation of the pack, and the presenta- 
tions were continued until the material was perfectly mem- 
orized. 

Retention in this case was tested after 48 hours. To test 
retention as well as learning, a duplicate pack of cards with- 
out the names was employed, and the order in which the cards 
were presented was altered. The names were orally repro- 
duced. The time for recall was not limited, but it did not 
exceed 10 seconds a card. 

31 
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All reproductions for both types of material were scored in 
terms of the number of verbal associations correctly repro- 
duced. Errors in spelling and pronunciation were ignored in 
so far as it was evident that the proper word was intended. 

Fifty-six subjects served in the experiments, but no subject 
memorized all of the lists. Thirteen of the subjects were 
graduate students in the Department of Psychology, and the 
remainder were Chinese students recruited from various de- 
partments. 

These materials were presented in a given environmental 
context. Three kinds of context were employed: words, 
numbers, and pictures. 

The picture on the post-card upon which the face and 
name were placed constituted the context for this type of 
material. All of the pictures represented parks, buildings, 
statues, and other public places in Chicago. 

A verbal or numerical context was employed for the pairs 
of association words. The pair of words to be memorized 
was always typed in capitals, while the words or numbers 
constituting their context were always typed in small letters. 
Usually the context of each pair consisted of two words, one 
placed above and one below. In a few lists, only one word 
was employed for the context because of the difficulty of 
securing suitable words. Only one number was used, and 
this number corresponded to the position of the pair in the 
order of presentation. When a number or one word was used, 
it was written above the pair of associated words. The con- 
textual words bore one of several relations to the pair to be 
memorized. The kinds of context used are illustrated in 
Table II. The contextual words may bear no logical relation 
to either of the members of the pair; they may be logically 
related to the response word; logically related to the stimulus 
word; or logically related to both stimulus and response words. 
Each pair of a list has its own context, and this particular 
contextual relation always remains constant during the period 
of learning, unless otherwise specified. The various pairs of 
associated words composing any list always have the same 
kind of context. 
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TABLE II 


Kinps oF Context Usep 1n THE Major EXperimMents 


Kinds of Context Examples 


1. No context (1) HALF—DEW 
(2) FOLD—SOUTH 
2. Logically unrelated words lock 
(1) BEST—CHILL 


brown 


steam 
(2) MAT—EGO 


court 


3. Words logically related to response match 
word (1) ZOO—SMOKE 
pipe 
knob 
(2) BIT—DOOR 
key 
4. Words logically related to stimulus fire 
word (1) GUN—PRINT 
hunting 


wool 
(2) LAMB—MAGNET 


mutton 


5. Word logically related to stimulus cane 
and response words (1) LAME—SUGAR 
cloth 


(2) MOTH—FASHION 
6. Number I 


(1) RIOT—MELON 


3 
(2) ACID—HOUSE 


The study was carried out in four parts. In Table III 
are presented the lists used, the number of subjects, the num- 
ber of presentations given, and the contextual conditions dur- 
ing learning and recall. 

In order to ascertain the influence of context upon the 
rate of learning, we have for comparison (1) lists learned with 
no context present, (2) lists learned in a given kind of context, 
and (3) lists in which the particular contextual words were 
changed after each presentation without any alteration of the 
kind of context. This latter condition is termed a variable 
context. 
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TaBLeE III 
No. of 
Lists Condition of Learning Presen- Condition of Recall 
tations 
Part I. 24 Supjects 
A and A’....| Logically unrelated word-context 3 Unaltered context 
Band B’....| Logically unrelated word-context ™ Removal of context 
C and C’....| Word-context logically related to - Unaltered context 
response word 
D and D’....| Word-context logically related to " Removal of context 
response word 
E and E’....| No context No context 
F and F’....| No context - Introduction of word-con- 
text logically related to 
response word 
Part II. 12 SusByjects 
Ia and Ia’...| Variable word-context logically 4 Removal of context 
related to response word 
Ib and Ib’. ..| Variable word-context logically ” New word-context 


IIa and Ila’. 
IId and IIb’. 





related to response word 
Word-context logically related to 
response word 
Word-context logically related to 
response word 





“c 





Removal of context 


New word-context 





Part III. 16 Susjyects 








Word-context logically related to 
response word 

Word-context logically related to 
response word 

Word-context logically related to 
stimulus word 

Word-context logically related to 
stimulus word 

Word-context logically related to 
both stimulus and response 
words 

Word-context logically related to 
both stimulus and response 
words 

Number context 

Number context 





“cc 


‘ 


“eé 


“ 


cc“ 


«cc 





Context interchanged 
Context interchanged 
Unaltered context 
Removal of context 


Unaltered context 
Removal of context 


Unaltered context 
Removal of context 
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TaBLeE []I—Continued 





No. of 
Presen- 
tations 


Lists Condition of Learning Condition of Recall 














Part IV. 12 Susyjects 














errs No context 4 No context 

ere Word-context logically related to “ Unaltered context 
response word 

ere Word-context logically related to ” New word-context 
response word 

eee No context 3 No context 

ee Word-context logically related to " Unaltered context 
response word 

eer Word-context logically related to " Context interchanged 
response word 





To study the effect of context upon the ability to recall, 
we have for comparison the following conditions: (1) no con- 
text present during either learning or recall, (2) the removal 
of the context that was present during learning, (3) the intro- 
duction of a context when none was present during learning, 
(4) the retention of the context that was present during learn- 
ing, (5) changing the particular words used without altering 
the kind of context, and (6) interchanging in recall the con- 
texts for the various pairs. 

In the fifth condition listed above, two new context-words 
are substituted for those employed during learning whose 
logical relation to the pair is, however, the same as during 
learning. In the sixth condition, the particular context of 
each pair during learning is employed as the context of some 
other pair of the list during recall. 

For the pictorial material two groups of subjects were em- 
ployed. The context remained constant throughout learning. 
For one group of subjects, one half of the faces were presented 
in recall in the same context in which they were learned and 
one half were presented in a new context. Those pairs for 
which the context was changed for one group of subjects were 
presented with an unaltered context for the second group, and 
vice versa. ‘These conditions are listed in Table IV. 
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TaBLe IV 
Cards I, 3, 4, 6, 8, 9, II, 14, etc. 2, 5, 7, 10, 12, 13, 15, etc. 
a led dk dha oh Changed Not changed 
|) ere ree Not changed Changed 


Before beginning the regular experiments all subjects were 
required to memorize two lists without a context in order to 
become familiar with the experiment and to eliminate some 
of the practice effect. We attempted to equate for further 
practice effects by requiring each subject of a group to mem- 
orize the various lists in a different temporal order. As an 
illustration, the order used for the first group of subjects in the 
first part of the experiment is given in Table V. 


TABLE V 
Subjects List 
eters oe er ea icdd neds eas tan Lee A B Cc D E F 
Se ee ee oe ee B C D E F A 
ad acakia i eat oc chines’ acl ak sadn et C D E F A B 
ata bck 5 ok ag bik okk Gases Vw aad D E F A B c 
Ee a ey ee eee E F A B Cc D 
OE eh oe bios weet ba de esha F A B c D E 


The effect of any differences in the difficulty of the lists 
was eliminated by using two lists and several groups of sub- 
jects for each condition, and by repeating the condition with 
other lists and subjects in another part of the experiment. 

It is obvious that a very definite set of instructions must 
be employed in order to secure uniform results in such an 
experiment. Our instructions were typed and presented to 
the subjects for perusal before they began the experiment. 
Additional instructions were given them for each change of 
procedure. An effort was always made to keep the subjects 
ignorant of the purpose of the experiment. Two typical 
sets of instructions are appended. 


Instruction UsEep IN PRACTICE 


“This is a memory experiment. The experimenter will expose on the drum a 
pair of words written in this fashion: MEMORY—BANANA. Twenty such pairs 
will constitute a series. Your task is to associate each pair of words so as to be able 
to recall the second word when the first is presented alone. After the series has been 
presented 8 times, the first word of each pair will be presented in the opening to the 
right, and you will be expected to write down the corresponding word of the pair on 
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a blank page furnished for this purpose. In case you are unable to recall the word, 
leave the space blank. You can write down whatever word is suggested, even though 
you are not confident of its accuracy. You will also be retested 24 hours later. Please 


refrain from discussing the experiment or attempting to recall the series during the 
day.” 


Instruction Usep 1n First Part or EXperIMENT 


“This experiment will be the same as formerly save in the following respects. 
Besides the pair of words typed in capitals to be memorized, there may be presented 
two accessory words, one above and one below the pair to be memorized: ¢.g., 


world 
MEMORY—BANANA 
fox 


These two accessory words will sometimes be present in learning and sometimes 
absent. They will also be present at times in recall and absent at other times. If 
they are not present during recall, you are not expected to attempt to write them 
down. So far as you are concerned, the experiment will proceed just as if these 
accessory words were not given. You are to memorize the pair of words typed in 
capitals, and in the test for recall to write down the second word of the pair. You 
will have three presentations of the series of words.” 


THE INFLUENCE OF CONTEXT ON LEARNING 


The comparative data are given in Tables VI to XI. 
These tables present the number of subjects in each group, 
the number of lists learned by each subject, the average num- 
ber of words learned by each group for each experimental con- 
dition, and the average percentage of the words in the list 
that were learned for each experimental condition. The 
letters enclosed in parentheses refer to the groups of subjects. 
The tabular data also include the standard deviation of the 
mean, and the standard error of the difference of the means. 

1. The presence of a word-context that is logically related 
to the response word exerts a facilitating effect upon learning. 
The data are given in Table VI. The context increased the 
number of words learned in all eight of the group comparisons. 
On the average about two more words per individual were 
learned under the contextual condition. The difference is 
not large, but it is consistent. 

2. The presence of a word-context logically related to both 
stimulus and response words also facilitates learning. The 
data are given in Table VII. The average records of both 
experimental groups are larger than either of the group re- 
cords for the control condition. On the average, each indi- 
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TaBLeE VI 


FE.XPERIMENTAL ConDITION: Worp-CONTEXT LoGICALLY RELATED TO THE Re- 
sPONSE Worp. Controt ConpitTion: No-context. Group Recorps: AVERAGE 
NumBER oF Worps LEARNED BY DiFFERENT Groups. Per Cent.: Per CENT. oF 
Worps 1n THE List LEARNED. S:L: Numser or Susjects 1n Eacu Group anp 
NumBer oF Lists LeEarnep BY Eacu Suspject. Letrers in PARENTHESES REFER 
To Various Groups or Susjects. SD: StTanparp DeviaATION OF THE MEAan. 
SED: Stanparp Error oF THE DIFFERENCE OF THE MEANS. 

















Part of Experiment I IV IV 

No. of Presentations 3 4 3 
Condition......... Exper. | Control | Exper. | Control | Exper. | Control 
er 6:2 6:2 6:2 6:2 6:3 6:2 
Group Records..... (a) 15.7 | (a) 14.1 | (i) 18.1 | (i) 16.6 | (a) 16.1 | (a) 


15.5 
(b) 16.9 | (6) 12.4 | (7) 16.7 | (7) 15.5 | (4) 16.2 | (4) 14.8 
(c) 15.5 | (c) 13.1 
(d) 16.8 | (d) 14.3 




















Average.......... 16.2 13.5 17.4 16.1 16.5 15.1 
. |e 3.4 4:5 2.3 3.6 3.5 4.1 
errr 0.8 0.86 1.4 

Per Cent.......... 81 | 67 87 | 80 82 | 75 








vidual learned 2.7 more words under the experimental than 
under the control condition. The standard error of the differ- 
ence is 1.2. The difference of the means is 2.2 times larger 
than the standard error, which means that the chances are 99 
in 100 that the true difference is greater than zero. 


TaBLeE VII 


EXPERIMENTAL ConpDITION: WorpbD-CONTEXT LOGICALLY RELATED TO Botu 
STIMULUS AND Response Worps. Contro.: No-conText. 
(For Orner EXPLANATIONS, SEE TABLE VI) 


PCT T OTR OT TE POC ETT CTO PETTITT III and IV 
Sn ok kc owed eeeewddethoeehekewee 3 
ee tated bas eh eae aww be Experimental Control 
etek edhe enniendskteransanesheenenen 8:2 6:1 
EE ee eee (g) 17.3 (1) 14.8 
(A) 18.2 (7) 15.5 
ini de clang poke kee ee wR CAR ES ek Leon 17.8 15.1 
Chic Gt peeecied cae ekee esas eetensenencnndes 2.2 4.1 
AG RRA netheed heen Rake n iat tabeakeeneeaes 1.2 
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3. A word-context logically related to the stimulus word 
exerts a detrimental effect upon learning. The data may be 
. found in Table VIII. Both groups working under the exper- 
: Taste VIII 
i EXPERIMENTAL ConpiT1on: Worp-context LocicaLtty RELATED 
; TO THE Stimutus Worp. Controi: No-context. 
‘ (For Orner Expianations, see Tasie V1) 
ERLE ST ELEN EL IEEE EET ETT EE III IV 
SE OER SOOM an DO 3 
‘ EE ee te eee Experimental Control 
: FETE! LORS eee ne eT eee oT 8:2 6:1 
: I cd eed a ethdeebanewheteeehwe (g) 11.4 (1) 14.8 
: (A) 13.7 (y) 15.5 
é Re ey ee eee Eye 12.5 15.1 
: | hd Liak coeds aad eeGea beens h hae seas eekekaaw 5.3 4.1 
y | Sr iisee sae e Eh eae eee ehh eens nee dek anne eens 1.5 
tl | I ok re oe eee oe ee bad 62 75 
imental conditions made poorer records than did either of 
those for the control condition. When the context was pres- 
ent, an average of 2.6 (13 per cent.) fewer words was learned 
than when no context was present. The average difference 
is 1.7 times larger than the standard error of the difference 
(1.5). The chances are 96 in 100 that the difference is statis- 
tically significant. 
TaBLe IX 
EXPERIMENTAL ConpiTION: Worp-context LocicaLty UnreLatep to Born 
StimmuLus AND Response Worps. Controi: No-conText. 
(For Orner Explanations, SEE TaBLe V1) 
ETL eT SEEN EE Ea Oe I 
sib cccecabdaeetedethesdtenatsaeeas 3 
; SUG OR ots cc cek keane ee euwewes Experimental Control 
E Se ee eT ee meer rer 6:2 6:2 
; re (a) 14.2 (a) 14.1 
(6) 9.8 (b) 12.1 
(c) 9.4 (c) 13.1 
(d) 13.8 (d) 14.3 
Ln iitds gins hie nkske hea eeee ean en ete kee 11.8 13.5 
DMM tipibetibbeknninhhendedkeestadebendaaws 4.8 4-5 
ie ie Reece Wie ee eee neh eee 0.94 


PUL Cth dae beenenbanaede tee ddseriaeavones 59 67 
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4. The presence of a word-context that is logically un- 
related to both stimulus and response words also seems to be 
detrimental to learning. In Table IX are given the results. 
On the average, 1.7 (8 per cent.) fewer words were learned 
with the context than without. The detrimental effect of the 
context is shown in three out of four comparisons. With 
group ‘a’ the experimental condition seems to have no effect. 
This fact, however, can be explained by referring to the in- 
dividual records, which show that two of the subjects gave 
each an unusually low score in learning one of the two lists 
under the control condition. Their scores areg and 6. With 
the other list, their scores are 17 and 13, respectively. Those 
two unusually low scores are probably responsible for the 
seeming absence of the effect of the experimental condition in 
the group-results. 

5. The data presented in Table X show the influence of a 


TABLE X 


EXPERIMENTAL CoNnDITION: NUMBER-CONTEXT. CoNTROL: No-CONTEXT. 
(For Orner Explanations, SEE TABLE VI) 


NE OE NINE, onc cnc cece ccncasveasseccsees Ill IV 

EE ee ee er Tee 3 

ee Citta Gbcciee ys cake ben hee akan Experimental Control 

De ee ctkuscebdannn bene ienebiexs cen es Sis 6:1 

EE OTe TT (g) 12.5 (1) 14.8 
(h) 15.2 (7) 15.5 

Ee ee ee ee ee ee ae eee Tee 13.8 15.1 

er en ee ee ee re er errr 5.5 4.1 

DP Eitchatepeinbehthensceehdkdacsakeeheeaeeweans 1.5 

i 2 Ue centetekth ee enkeennanenek ne 69 75 


number-context upon learning. The presence of the context 
decreases the average number of words learned. The de- 
crease is 1.3 words or 6 per cent. The ratio of the average 
difference to its standard error (1.5) is 0.87, which indicates 
a chance of 4 to 1 that the difference is significant. 

6. In Table XI are given the results showing the influence 
of a variable word-context which is logically related to the 
response word. Apparently such a variable word-context is 
not so favorable to learning as is a constant context of the 
same kind. Both groups working under the experimental 
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condition learned fewer words than did either of those working 
under the constant contextual condition. On the average, 
the difference is 1.7 words. This difference is 3.4 times larger 
than its standard error (0.5), and it is statistically significant. 


TABLE XI 


EXPERIMENTAL ConpDITION: VARIABLE Worpb-CONTEXT LOGICALLY RELATED TO THE 
Response Worp. Controit 1: Constant Worp-context LocGicaLty 
RELATED TO THE Response Worp. Controt 2: No-CoNnTEXT. 

(For Orner ExpLanations, SEE Taste V1) 


Part of Experiment............... Ill IV 
ee cele cuchcesaboeetesaune 4 
I sce sau 6suescedeen ees Exper. Control 1 Control 2 
ee ee ee ee 8:2 6:2 6:1 
gas 6 dee tle wena (¢) 16.9 (1) 18.9 (1) 45.5 
(f) 17.3 (y) 18.6 (y) 16.6 

Dc. cuitetereacenedandees 17.1 18.8 16.1 
Sy Sears eee ee rer eee % 1.4 3.6 
Dein s44ceusyeasdéessbikeseareeunee 0.5 

1.1 
re ne 85 94 80 


The variableness of the context, however, has not obliter- 
ated entirely the facilitating effect of the context which would 
be shown if it were constant. Both experimental groups made 
a better record than did eit'.er of those for control 2, in which 
no context was present. On the average, the difference is 1.0 
in favor of the experimental groups. Its standard error is 
I.1, which indicates that the chances are 82 in 100 that the 
difference is reliable. 

7. On the whole, three kinds of context are found to be 
beneficial to learning: (1) a word-context logically related to 
the response word, (2) a word-context logically related to 
both stimulus and response words, and (3) a variable word- 
context logically related to the response word. The last con- 
textual condition is least effective in facilitating learning. 
The effectiveness of the first two kinds of context is nearly 
equal. 

The effect upon learning of the other three kinds of context 
studied is detrimental. Most detrimental is a word-context 
logically related to the stimulus word. The number-context 
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and a word-context logically unrelated to both stimulus and 
response words are nearly on a par in this respect. 

8. In Fig. 1 is shown a learning curve from the experi- 
ment dealing with the association of pictures of faces with 
names. The data have nothing to do with our present prob- 
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Fic. 1. A composite learning curve of 12 subjects on the association of names 
with pictures of human faces. 


lem. They are recorded merely because of the unusual 
character of the results. The curve is a composite curve for 
12 subjects, plotted according to the method first used by 
Kjerstad (4). It exhibits a slight positive acceleration at the 
beginning and a slight negative acceleration attheend. Most 
of the individual curves show the same characteristics. 


THe INFLUENCE OF CONTEXT ON RECALL 


The comparative data showing the effect of the various 
contextual conditions on recall are given in Tables XII-XVI, 
and in Fig. 2. The arrangement of the tables is similar to 
that given in the previous section. 

1. The results showing the effect of the removal of a 
context in recall are given in Table XII. In three out of 
five cases the removal of the context is detrimental, or, 
conversely, one can recall most readily under those contextual 
conditions in which the material was learned. The detri- 
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mental effect is greatest when the verbal context is logically 
related to the response word. It is also considerable when the 
verbal context is logically related to both stimulus and re- 
sponse words. With the number-context, the detrimental 


TABLE XII 


Errect oF Removat or A Context. Ave. No. Worps anp PERCENTAGE 
RECALLED UNDER SpeEciIFIED ConpiT10ns. Part or Exper.: THE PART OF THE 
EXPERIMENT IN WHICH THE RESULTS WERE SecureD. S:L: Numser or Susjects 
1n Eaco Group AND THE NumBeER oF Lists REcALLED BY Eacn Susjecr. Group 
Recorps: Ave. No. Worps REcaLtep sy Various Groups. Letrers in Paren- 
THESES Rerer To Groups. SD: Stanparp Deviation. SED: Stanparp Error 
OF DIFFERENCE. 






































Ge I I 
Learning Condition........ Word-context related to Word-context unrelated 
response word to stimulus and 
response words 
Recall Condition.......... Unaltered Context Unaltered Context 
context removed context removed 
OM 3 66 de ecaneeenmieed 6:1 6:1 6:1 6:1 
Group Records........... (a) 11.3 (a) 3.5 (a) 4.5 (a) 6.5 
(b) 12.7 (b) 2.7 (b) 3.3 (6) 2.5 
(c) 9.5 (c) 1.2 (c) 2.3 (c) 3.3 
(d) 14.5 (d) 3.6 (d) 6.0 (d) 7.3 
NS io aia tniehae nes 12.0 2 4.0 4.9 
ear errr. 4.6 3.1 5.0 4.0 
RE it is aa inscs'b) soreness 1.1 1.3 
Ps 64 Secnnenmeewe 75 | 16 33 | 39 
oe 2 err Ill III Ill 
Learning Condition....... Word-context Word-context | Number-context 
related to related to 
stimulus word stimulus and 


response words 























Recall Condition......... Unalt’d | Context | Unalt’d | Context | Unalt’d | Context 
context removed context removed context removed 
bab a die beat id med abl 8:1 8:1 8:1 Rit 8:1 8S: 
Group Records.......... (g) 4.41 (g) 4.5] (g) 12.9] (g) 8.1 6) 7.81(g) 6.3 
(h) 4.6} (A) 4.3] (A) 12.2} (4) 7.1] (4) 691A) 5.2 
CO er ree 4.5 4-4 12.5 7.6 7.3 5.7 
a6 ct-dudin gene wales 3-9 4.6 4.1 5.3 5.0 4-4 
errr rere Ter 1.5 1.7 1.5 











5+ decceaseuses 37 33 70 43 48 43 
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effect is slight but appreciable. The probabilities are 5.6 to 1 
that the difference between the means is reliable. 

The removal of the context logically related to the stimulus 
word apparently does not exert any effect upon the ability 
to recall. 

The removal of the unrelated word-context apparently 
exerts a slight beneficial effect upon recall. The differences 
between the means are small and not consistent. The chances 
are but 3 to 1 that the difference is significant. In other 
words, the presence of the contextual conditions under which 
the material was learned exerts a very slight distractive effect 
upon the ability to recall. 

2. In recall the introduction of a word-context logically 
related to the response word proves to be beneficial. The 
data are presented in Table XIII. On the average, the in- 


TABLE XIII 


Tue Errect oN REcALL oF INTRODUCING A CONTEXT 
(For ExpLanaTIONS, SEE TABLE XII) 


ET eT ee PE Oe ee re I 
SCT TT ECCT T CTT e Pe Tee TET er Tee No context 
Ee No context Introduction of 


word-context 
logically related 
to response word 


eee iin eee iebeatceeiaeeenetaee 6:1 6:1 
eT Te (a) 6.5 (a) 9.1 
(0) 4.1 (6) 8.5 
(c) 3.5 (c) 8.7 
(d) 7.5 (d) 10.3 
te toate ene eke hak enwkae ends 5.4 9.2 
th dh eee ieee Leda aga etiged eek ee ines 4.1 4.5 
nce ie edie ede Ue Aetedekbieeneeaen omnes 1.2 
Ee ee eS ee 42 62 


troduction of such a context increased the amount recalled 
from 42 per cent. to 62 per cent. The results are consistent 
for all groups and the differences are large enough to be 
statistically significant. 

3. The change from the original context to a new context 
of the same kind is distinctly unfavorable to recall. 

In the case of a word-context logically related to the re- 
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sponse word, the detrimental effect of such a change is quite 
pronounced, as is shown by Table XIV. Such a procedure, 


TABLE XIV 


Tue Errect or A New Context on REcALL. 
(For ExpLanations, see Taare X11) 


en cos a eek AE LG bec scun ys Neue ae IV 
EE I ere Word-context logically 
related to response word 
eos cate tne edna Unaltered New 
context context 
aetna kik ad ben taes Cia eeee eee bee kancesewen 6:1 6:1 
ae nc cil ohed eta eke nktn aeaaes (1) 15.1 (:) 6.8 
(y) 15.1 (y)) 6.1 
SE ee re re ey eer eee eT 1$.1 6.5 
A is Gilg es enue Rk Get ae kee eal aca 2.7 3.1 
ee er ne ee 1.2 
aa a a ee 87 37 


however, introduces two changes: namely, the removal of the 
original context and the introduction of the new context. It 
has been shown in Table XII that with the removal of a word- 
context logically related to the response word only an average 
of 16 per cent. was recalled. In the present case, in which 
we have a new context in place of the original, the amount 
recalled is 37 per cent., or an increase of about 20 per cent. 
The new context, therefore, exerts a beneficial effect as com- 
pared with the removal of the original context. In the pre- 
ceding section we have noticed that the introduction of such a 
word-context when none was present during learning in- 
creased the amount recalled from 42 per cent. to 62 per cent.; 
also an increase of about 20 per cent. Thus, the presence of 
such a new context in recall seems to exert a definite amount 
of facilitating influence, whether by itself or in combination 
with some other sort of change. 

In the case of the association of pictures of faces with 
names, the detrimental effect of a new context is less pro- 
nounced, but consistent. The results are presented in Table 
XV. Of the 12 subjects, 9 recalled fewer names under the new 
contextual condition than when the context was unaltered. 
The average decrease is from 57 per cent. to 40 per cent. with 
Group I and from 72 per cent. to $0 per cent. with Group II. 
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TABLE XV 


Tue Errect or a New Context on RECALL IN THE CASE OF THE 
ASSOCIATION OF Pictures oF Faces with NAMES : 








Group I Total Ave. Per Cent. 
Ree rere 4A B C D E F | 
No. of names recalled with : 
new context............ 3 0 3 4 § 9 2 4 40 ; 
No. of names recalled with ‘ 
unaltered context.......6 2. 8 5 6 7 34. —ié«*G*«Y 57 
RS re 1.3 
Group II 
eee O P @Q R S§& T 
No. of names recalled with 
ROW COMPRES. . 2... cc cces 3 8 7 3 4 5 30 5 50 
No. of names recalled with 5 | 
unaltered context....... 8 6 5 7 7 10 43 2.3 72 ; 
Di sttscsevbesaek whens 0.97 


4. The comparative data showing the influence of the 
interchange of word-contexts which are logically related to | 
the response words are presented in Table XVI. Such inter- 


TABLE XVI 


Tue Errect on Reca.t or INTERCHANGE OF CONTEXT 
(For explanations, see Table XII) 





See rr IV 
EE TT ee Word-context logically 
related to response word 
4 oi nen ne een abaeenenewh Unaltered Context 
context interchanged 
ee ee 6:1 6:1 
Ee ee Ee (1) 9.8 (1) 41.5 
(7) 10.5 (7) 1.8 
iene eee haieeamenebabaed oe eibiel 10.2 1.6 
Dt Chl kok teeine asec nebaudiaatiawseewanne wen 3.1 3.9 
th Peete k Oe Cede ania ue ote ds Beg 
ei eae eet ewinee egal 66 9 


change of context in recall is very detrimental. With the 
context unaltered, an average of 66 per cent. was recalled; 
while with contexts interchanged only g per cent. was recalled. 
The detrimental effect is even greater than that due to the 
removal of such a context as is shown in Table XII. In the 
individual records we found that many words were recalled 
which were correct so far as the contexts were concerned, but 
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which were wrong in respect to the stimulus words with which 
they were associated. 

5. The disintegrative effect of a change of context in 
recall varies with the degree of learning. 

With the picture material, the subject was tested for the 
amount learned after each presentation of the series. Some 
pairs were learned in the early trials, some in the later trials, 
and others in the final trials. Those pairs that were learned 
in the early trials naturally received a number of additional 
presentations and were overlearned as compared with those 
that were learned in the last trials. In other words, the degree 
to which the various pairs of associates were overlearned 
varied directly with the order in which they were learned. 
We divided each subject’s learning into three approximately 
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Fic. 2. The relation between degree of learning and susceptibility to effect of 
change of context for picture-name associations. Results of 12 subjects. Dotted 
line represents amount forgotten with context changed. Solid line represents amount 
forgotten with context unchanged. 
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equal periods, and grouped the pairs of associates according 
to the period in which they were learned; or, in other words, 
in respect to the degree to which they were memorized. The 
first group to be memorized represents the highest degree of 
learning, and the last group memorized represents the least 
degree of learning. In order to ascertain the relation between 
the disintegrative effect of a change of contextual conditions 
to the degree of learning, we computed the amount forgotten 
under the changed and unchanged contextual conditions for 
each of the three groups of associates. 

The comparative data are graphically represented in Fig. 2. 
With the unaltered context, the amounts forgotten were 20 
per cent., 34 per cent. and 48 per cent. for the first, second and 
third groups respectively. With the altered context, the 
corresponding values were 24 per cent., 60 per cent. and 79 
per cent. Under both conditions, the amount forgotten 
varies inversely with the degree of learning. For all three 
groups, or for all degrees of learning, more was forgotten when 
the context was altered, but the difference between the two 
contextual conditions increases as the degree of learning de- 
creases. In other words, a change of contextual conditions 
exerted the most disintegrative effect upon the material which 
was the least learned. 


CONCLUSIONS 


Both learning and recall were influenced by the con- 
textual conditions. The nature and amount of the effect va- 
ried with the nature of the conditions. 

A word-context logically related to the response word 
exerted a beneficial effect upon learning, and its removal or 
interchange during recall was highly detrimental. When the 
context was varied during learning, the effect was lessened. 
The introduction of such a context in recall when none was 
present in learning also exerted a facilitating effect. The 
substitution in recall of a new context of the same kind exerted 
about the same effect as the introduction of such a context 
when none was present during learning. 

A word-context logically related to both the stimulus and 
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the response words facilitated learning to about the same 
degree as did one that was logically related only to the 
response word. Its removal in recall, however, exerted a less 
detrimental effect than did the latter. 

A word-context logically related to the stimulus word 
exerted a detrimental effect upon learning. Its removal in 
recall did not exhibit any appreciable influence. 

A word-context logically unrelated to both the stimulus 
and the response words was also detrimental to learning. Its 
removal in recall was apparently beneficial. 

The presence of a number-context during learning was 
slightly detrimental, and its removal in recall exerted a 
similar effect. 

The substitution of a new context of the same kind 
(picture post-cards) also exerted a detrimental effect upon the 
recall of the face and name associations. The degree of the 
effect varied inversely with the degree of learning. 

The explanation of these results is obvious in most cases. 

A logical relation between two words presupposes some 
sort of a priori associative connection between them, so that 
the presence of one naturally tends to arouse the other. The 
introduction in recall of a word-context that is logically related 
to the response word, although it was not present in learning, 
will facilitate the arousal of the proper associate because both 
the stimulus-word and the context-word are associated with 
it. Likewise, the presence of such a contextual word during 
learning will exert a facilitating effect upon the learning 
process, and naturally the retention of this word in recall will 
be distinctly favorable. Even the variation of this type of 
context during learning and recall will exert some beneficial 
effect. The interchange of such a context in recall will exert 
a detrimental effect, for in any given situation the stimulus- 
word will tend to arouse one associate and the context-word 
another. 

When the context-word is unrelated to either the stimulus 
or response words, the subjects may ignore it; their attention 
may be distracted from the task in hand, or they may attempt 
to establish a double association. In the two latter cases, the 
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context will presumably exert a detrimental effect. As a 
matter of fact, this context did interfere with learning to some 
extent, and its presence in recall may have been slightly 
detrimental. 

Practically the same results were obtained when the con- 
text-word was logically related only to the stimulus-word. 
Apparently, the presence or absence of an associative connec- 
tion between the stimulus- and the context-words does not 
materially influence the subjects’ reactions to the situation, 

From the preceding results, we should expect a context 
that is related to both the stimulus-word and the response 
word to €xert an effect like that of a context that is related 
only to the response word, for a connection between the con- 
text and the stimulus-word does not seem to be effective. The 
results justify this assumption. This type of context is dis- 
tinctly favorable to learning, and its presence in recall is also 
quite effective. In fact, the ability to recall seems to be more 
dependent upon this type of context than upon one that is 
related only to the response word. 

The number-context was detrimental to learning but bene- 
ficial in recall. We must, as it appears, assume that the 
attempt to utilize these clues in the initial presentations was 
distractive; while the subjects were able to employ them 
with some degree of success in the final presentation, so that 
their presence in recall was beneficial. 

Our results thus indicate that the recall of any material is 
favored by the presence of an environmental factor which has 
some associative connection with that material. In the ab- 
sence of such an association, the environmental situation is 
likely to be unfavorable to recall. When the material is 
learned in a contextual situation with which it has no as- 
sociative connection, such an association is likely to be es- 
tablished with a sufficient number of presentations. Such 
an association was established in the case of the face-name 
material, and the strength of the connection increased with 
the number of the presentations. In the case of the unrelated 
verbal context, three presentations were apparently insufficient 
to form an effective connection. 
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VARIABILITY OF JUDGMENTS ON MUSICAL 
INTERVALS 


BY HELEN MORAN AND CARROLL C. PRATT 


Harvard Psychological Laboratory 


A musical interval, or any separation of two impressions 
on the pitch-continuum, is generally defined or recorded in 
terms of the ratio of the vibration-frequencies of the two 
generating physical bodies. A fifth, e¢.g., is that interval 
whose components stand in the ratio 2/3; a minor sixth has 
the ratio 5/8, etc. But these definitions are wholly in terms of 
physical properties. Nothing has been said about the interval 
considered as a datum of psychological experience. ‘There is 
not a great deal, in point of fact, which can be said as yet con- 
cerning the phenomenological aspects of auditory intervals. 
Stumpf singled out certain aspects of musical intervals for 
exhaustive study and detailed discussion. Among other 
descriptive matters he observed differences among them with 
respect to the degree to which they approximate a single 
auditory impression, and he found it possible to work out uni- 
formities in the degrees of fusion among intervals. But 
Stumpf was not always clear as to just what he meant by 
fusion.!. And later investigations ? have shown that observers 
may pass comparative judgments on intervals under at least 
half a dozen totally different criteria of judgment, which 
would seem to indicate that in spite of whatever uniformities 
may be secured in the order of intervals when judged by de- 
grees of fusion, there are other characteristics, such as smooth- 
ness, simplicity and affective tone, which must be considered 
as entering into, or at least as related in some way to, the 


1For ambiguities in Stumpf’s definitions of fusion see Tonpsychologte, 1890, 
vol. 1, 127, 128; Konsonanz und Dissonanz, 1898, 35, 44; and cf. M. Bentley, Amer. 
J. Psychol., 1903, 14, 65-70. 

2W. Kemp, Methodisches und Experimentclles zur Lehre der Tonverschmelzung, 
Arch. f. d. ges. Psychol., 1913, 29, 139-181; C. C. Pratt, Some Qualitative Aspects 
of Bitonal Complexes, Amer. J. Psychol., 1921, 32, 490-515. 
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experience of fusion. It is not surprising, then, that fusion is 
difficult to define with precision. 

A recent attempt has been made $ to discover whether each 
musical interval may not be characterized by certain phenom- 
enological aspects peculiar to it alone. It was found that 
most of the observers were able, after preliminary practice, 
to find terms, drawn largely from taste and touch, which 
served adequately to characterize and to differentiate the 
various intervals. It is probable that such phenomenological 
characteristics form the original basis for the quick recognition 
of the various musical intervals possessed by many musicians. 
It is not uncommon to find that a musically trained person 
can distinguish, say, a fifth from a minor third about as 
readily as people tell red from green, although in most cases 
the person is quite unable to say exactly how he makes the 
distinction. 

Since it appears, then, that each interval has a phenomeno- 
logical aspect peculiar to itself, and since many musical persons 
have absolute recognition of intervals, the question arises as 
to the range over which a given characterization applies, or, 
in other words, to the accuracy with which recognition of a 
given interval takes place. How far may an interval formed 
by two simultaneous tones depart from the ratio, say, 2/3 and 
still be characterized as a fifth? For the physicist a fifth 
would be that interval which has exactly the ratio 2/3; but 
““fifthness,” regarded as a psychological datum, may be cor- 
related with a physical range which extends some distance 
both above and below the 2/3 ratio. It was with the purpose 
of finding the range over which two tones of different pitch 
may vary without altering the psychological characteristics of 
the interval that the present study was undertaken. 

There are reports in the literature of various determinations of the j.n.d. of 
musical intervals. These values are chiefly derived either from few observations 


from very different methods, or from tones presented successively. They are therefore 
hardly comparable with our own. Stumpf has discussed the problem at length, 


?E. M. Edmonds & M. E. Smith, The phenomenological description of musical 
intervals, Amer. J. Psychol., 1923, 34, 287-291. 

* References to this literature and a summary of the principal results are given 
by Titchener in his Experimental Psychology, 1905, Vol. II, pt. ii, 244-248. 

°C. Stumpf & M. Meyer, ‘Maassbestimmungen iber die Reinheit consonanter 








494 HELEN MORAN AND CARROLL C. PRATT 


and (with Meyer) has presented the results of observations on the octave, fifth, major 
third, and minor third. In the few trials with simultaneous tones, j.n.d.’s were 
secured which (if we may here compare results) are of about the same magnitude as 
the crude errors of our values. Most of the experiments, however, were made with 
successive tones, and the discrimination of intervals generally turns out to be finer 
for successive than for simultaneous presentations.’ 

The present experiments were done during the academic 
year 1924-25. ‘There were, fortunately, three Os in the labo- 
ratory at that time who were trained in psychological obser- 
vation and who also were able to recognize more or less im- 
mediately any given musical interval: Helen K. Mull, 
Marjory B. Pratt, and C. C. Pratt. Two Stern variators 
(300-600, 400-800 d.v.) were used as stimuli throughout the 
experiment. ‘They were placed side by side on a table before 
FE. An extension rod, running through the wall of the room, 
was attached at one end to the pinion gear of one of the 
variators. At the other end was a handle which could be 
grasped and easily turned by O, so that the latter, sitting ina 
room next to the experimenting room, had only to turn the 
handle to the right to raise the pitch and to the left to lower 
it. The procedure adopted was essentially the Fechnerian 
method of average error. One of the variators was always 
controlled by O after E had set it roughly in a given region. 
The other variator, after it had been set exactly by E for each 
trial, was left unchanged. The task of O was to alter the 
pitch of the upper variator which he himself controlled until 
he was satisfied that the two tones corresponded to the re- 
quired interval. His instructions were made to read as fol- 
lows: 

“In this experiment you will be asked to vary one of two tones until the two of 
them together are as close to a given musical interval as you can get them. The 
pitch is raised by turning the handle to the right, and lowered by turning it to the 
left. Before each trial E will announce to you the name of the interval to which you 
are to set the tones. Following the ‘ready’ signal you will hear the two tones. You 
will then vary the upper one until the two tones sound like the interval asked for. 


Tell E as soon as you are satisfied that the two tones approximate as closely as possible 
the required interval.” 


During the second part of the experiment the lower tone was 


Intervalle,’ Beitrage zur Akustik und Musikwissenschaft, 1898, 2, 84-167. 
8 Jbid., 123, 130. 
7 [bid., 129 f. 
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placed under the control of O and the instructions changed 
accordingly. In both parts of the experiment the lower tones 
ranged between 345 and 495 d.v., and the higher tones between 
520 and655. ‘The intervals were presented to O in haphazard 
order. Forty judgments were made on each of eleven inter- 
vals (all but the octave): twenty judgments in the first part 
when the upper tone was varied, and twenty in the second 
part when the lower tone was varied. In order to overcome 
the error of direction E set the variable tone half the time 
above the correct position and half the time below. These 
changes in direction were arranged in haphazard fashion so 
that O could not know in advance whether he would be called 
upon to lower or to raise the variable tone. 

The Os were asked occasionally to give introspective 
characterizations of their experience. These reports yielded 
little of importance. The recognition of the intervals was, 
in general, quick and fairly mechanized. The reports did 
show, however, that the procedure for setting the intervals 
was about the same for all three Os. It was necessary, first, 
to take the interval as a whole; then, having decided whether 
it was too large or too small, to abstract from the whole to the 
variable tone while the latter was undergoing its alteration; to 
return again to the interval as a whole for another judgment; 
to abstract again to the single tone if the interval was still 
untrue; and so on, until O was satisfied that the two tones 
were as close as he could get them to the required interval. 

Examination of the results reveals at a glance the fact 
that the range of physical values over which a given interval 
may vary psychologically is very small. In Table I are pre- 
sented the mean variations of the average settings of the Os 
for each of the eleven intervals, as well as the differences be- 
tween these settings and the natural and tempered intervals. 

In order to facilitate comparison of m.v.’s and differences 
from various parts of the tonal scale, certain of the data of 
Table I have been changed from absolute to relative values 
by converting the ratios of vibration-frequencies into cyclic 
cents. One cent equals one-hundredth of an equal semitone, 


® For a discussion of the cent and its calculation, see appendix of A. J. Ellis’ 
translation (2nd ed., 1885) of Helmholtz, Die Lehre von den Tonempfindungen, usw., 
P- 437, art. 24, xill, and pp. 446-457. 

















HELEN MORAN AND CARROLL C. PRATT 






























































zgo | fez] 1g | 6r'€ | ob E | LOH] rrr | Hz-z | EEE | oz'z | gL | zz'g | zz'S | LoS | Gorg | LZeE | zi | Sog] sadvsvAy 
10° | S£°f | 6+ | OS-g | 1S | L6°b | tro | OSE | 66°E | HE'O | bz | 6L9 | gg°S | Lez Jog | orf | Eto | BSQ] puosas 10UTTAy 
fz"1 | 6z'z | Lgl | geS | zE4] gz-h | igo | Szo | 6S°£ | #2°S | $Z°S | QSg | Q6°7 | OI'h JOobOI] IZ H] IGS | Hee] puodas soleyy 
oz'1 | tzS | LZeE | Zor | r1°S | gg’S | Sto | gS°E | LS°z | ogee | Sz-€ | zS°b | zLo1] 98'S | 69g | gro | Zorv | SSE] piryy Jouryy 
L£S'0 | gz | Zorz | St | rb] OO'f | TOO | Sif | L6°E | cro] gl | o6'1 | 760 | eff | 1gZ | SGoO jot es Jolg] pry soley 
gto | zoo | #21 | gS'o} oro | gi°S | S61 | LZh1 | gor | gZ0| Ero] gree | tg°S | Lg | HQ’S | St | zgo | LoS Joc ywnog 
990 | 181 | £2°z | 99°F | #Q°9 | Log | L¥HO} OL | QS'f | LOE | go°'L | 6g°Z | EE°2Z | chor] 1Z°g | go°g | Ser] OGL] quoi |, 
og'0 | gro | of'1 | G61 | HS1 | cHH | OL | zz | gL°z | 160 | LZz-0 Jog’S | gf°f | zZ'z | zo'g | gg’E | Fok J amS foc yyy 
of'1 | gze | Sr€ | SG | Lor | cSh | zzz | oo | gb-z | zg | Fork | 962 | Zg°S | 171 | 1f9 | zgQ’S | QG'°0 | log] yixis JOUIPY 
z1 | oS] og'z | Liv | oF 2] Ig | 6S'0] gg'h | OS'F | gir | HE | 6S°F | gz | 62Z*9 | SE-g | LOL | HHO | HHH yrxis sofeyy 
Sg'o | Shr | 6°72 | tor | 1g'1 | gee | Foz | Hgz | QS | gz's | gg’f | Log | O6'H | zig | StL | OEE | Igh | IGL Po ‘yuaAas Jou] 
for | of'1 | ziz | gg°z | tE'0 | OL'F | gg | Sto} L627) 12:1 | 11g | OWE] I9°g | 66°71] Sgor} zgQ°Z | Zorz1] Fol |: yiuaaas soley 
WAT] IeN | CAA Wel] IeN PCA | Oe | IeN CAT | me | eN PCA | mel] IeN | CAT | me] en | AW [BVAtoqUy] 

dod dw WH dod dw WH 19A1989O 





"A'p o$9-SzS :sau0} Joddn jo asury 
“A'P TOP-LPE :sauod} Jomo] Jo oduLy 


(Q]QVUVA JU0} JaMOT) J] Sees 





*A'’p S6b-SPE :sau0} IaMO] JO aBuPyY 
‘A'p ZSQ-bz§$ :sauo0} Joddn jo asuey 
(9]QEUPA 90} Joddn) | sates 








IVAUATLN] GANIdNA], GNV ONILLAG JOVUIAY NIIMLIG 
AONTUAAAIC] = “WAT, SIVAWALN] IVYNLVNY GNV ONILLAG AOVAIAY NAIMLAG AONTUIAAICG] = “LVN 
‘Q Ad ONILLAG AOVAAAY dO NOLLVIVA NvajY = ‘Ay 


[ a1avy 


‘MOUUY AOVAAAY dO GOHLAY AM SIVAUALN] TVIISAY NO SLNaWOan{ 











ee ae 





JUDGMENTS ON MUSICAL INTERVALS 497 


or one twelve-hundredth of an octave. These figures are 


given in Table II. 
TaB_eE II 


MEAN VARIATIONS OF TaBLeE I (ConsiDERED aS MEaAsuRES OF SENSITIVITY IN 
JupGMENTs on Musicat IntTeRvALS) Convertep into Cyciic Cents 
(seEE TExT) FOR THE SAKE OF COMPARISON OF VIBRATION- 
FREQUENCIES FROM VARIOUS PARTS OF THE 
Tonat SCALE 











Series I Series Il 
Averages 
HM MP cr HM MP CP 
Major seventh.............. 19 28 35 15 2 11 22 
Minor seventh.............. 21 20 16 22 2 14 19.5 
EP er er re 13 23 13 21 29 13 17 
ns ds xd a eae came 2 18 23 11 21 15 18.5 
Ed bb innes setae shaw 1S 18 17 13 20 6 14.8 
RRR Teeeepeeerecer eee 25 26 24 16 30 12 22.1 
ESR yer ee err 16 18 10 8 22 7 13.5 
so hee eee oes 21 25 6 16 12 11 1S.1 
RES rarer as 11 28 15 10 22 13 16.5 
Peer ree 14 33 21 12 16 13 18.1 
Minor second............... 21 27 22 14 17 1S 19.3 
ee rn 18 24 18.3 | 14.3 | 21.5 | 11.8 


























These data would seem to indicate that for musical indi- 
viduals an interval is confined, psychologically, to a narrow 
range. Of the sixty-six m.v.’s of Table II only eight are 
greater than 25 cents (one-quarter of an equal semitone). 
The average m.v. for the three Os for all the intervals is 18 
cents, or less than one-fifth of a semitone. 

The crude errors, as measured by the difference between 
the observed settings and the values of the natural and tem- 
pered intervals, give indication of still finer discrimination on 
the part of the Os. In Table III the average values of these 
differences have been converted into cents. It will be noted 
that the deviation of the Os’ settings from the natural intervals 
is, on the average, less than one-seventh of a semitone, and 
from the tempered intervals less than one-tenth of a semitone. 
One would be inclined to suppose that the difference here in 
favor of the tempered intervals is due to the fact that musical 
individuals are generally more familiar with tempered than 
with natural intervals. It is the mean variation of the average 











498 HELEN MORAN AND CARROLL C. PRATT 


setting, however, rather than the crude error, which should be 
taken as a measure of sensitivity. One may say, then, ac- 
cording to this measure, that the average limen for the dis- 
crimination of intervals, under the conditions of the present 
experiment, is about one-fifth of an equal semitone. 


TaBL_E III 


AVERAGES, EXPRESSED IN TERMS OF CENTS, OF ALL THE DIFFERENCES BETWEEN 
THE AVERAGE SettinGs BY O For Eacu INTERVAL AND THE PHYSICAL 
VALUES OF THE CORRESPONDING NATURAL AND 
TEMPERED INTERVALS 


Natural Tempered 
Cs idee eeeesaaknd se sseekesewcane 12.5 8.5 
ON inna ed eine ee ae a aa ee 16 1S 
er 10.5 5.5 


The size of this limen has a bearing on the problem of the 
status of those intervals which lie between the musical inter- 
vals. Meyer has been quoted in a recent article ® as stating 
that the tempered scale functions exactly as does the natural 
scale, because the tempered scale in no interval deviates more 
than 16 cents from the natural scale. Sixteen cents, however, 
is pretty close to our average limen of 18 cents. And several 
of the individual limens are appreciably less than the average 
value. The average m.v.’s for HM and CP are in every case 
18 cents or less. (In the second series they are 14.3 and 11.8 
respectively.) Of the sixty-six m.v.’s in Table II for the sep- 
arate intervals, over 50 per cent. are 18 cents or less. Over 
25 per cent. are 13 cents or less. For CP the limens for the 
minor third, major sixth, and major third are 14, 13, and 8.5 
cents respectively. For these same intervals the differences 
between natural and tempered intonation are 16, 16, and 14 
cents respectively. HM?’s limen for the minor third is 10.5 
cents. Meyer equates the tempered and natural scales, as 
far as psychological function is involved, on the assumption 
that when an interval deviates by not more than a third of a 
semitone it is always assimilated immediately to the nearest 

® Max Meyer, ‘La musica bicromatica, el teclado para ejecucion y la pauta en 
que escribirla,’ reported by Jesus C. Romero, La Antorcha, Mexico, 1925, 1, no. 16, 


7 {., 34 ff. Cf. P. R. Farnsworth, this JourNAL, 1926, 9, 255, who accepts Meyer’s 
dictum. 
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familiar interval. But according to our results assimilation 
takes place only when an interval deviates from some ‘norm’ 
by not more than a fifth of a semitone. Deviation beyond a 
fifth of a semitone would not necessarily place an interval in a 
position which would demand assimilation either to the inter- 
val above or below. Such a position is not equivocal unless 
by equivocality one means merely inability to give a name to 
the interval. Our Os could only name such an interval in 
some such fashion as this: “‘It is not a fifth, nor a minor sixth. 
It’s somewhere in between!”’ Each interval of the tempered 
scale is separated from its adjacent intervals by 100 cents. 
According to our results each interval of a ‘psychophysical 
scale’ would have an ‘interval of uncertainty’ of about 40 
cents. 

In the last column of Table II are given the averages of the 
m.v.’s of the three Os for each of the eleven intervals. When 
these values are ranked from smallest to largest, the order of 
the intervals is as follows: fourth, fifth, major third, minor 
third, major sixth, major second, minor sixth, minor second, 
minor seventh, major seventh, tritone. This order conforms 
roughly to the order of the degrees of fusion. The difference 
between any two adjacent intervals is small, but since the 
whole series of differences fits the schema of fusion, one is 
inclined to attach some significance to the order.'® 

These results are derived from judgments made by musical 
Os. It is necessary to have such Os where one wishes to make 
use of the method of average error. Comparison of intervals, 
for the purpose of determining some sort of j.n.d., presented 
to O in accordance with the procedure common to the other 
psychophysical methods, offers obvious objections. How far 
the present results apply to Os who, though musical, are un- 
able to recognize intervals readily, and to non-musical Os, is 
problematical. One may be reasonably safe in assuming, 
however, that for individuals who can recognize intervals 
these results are fairly representative. For such persons 
intermediate intervals, under attentive observation, would 
not usually be assimilated to their nearest ‘norms’ unless they 
were close to the liminal values of the latter. 


10 Cf. Stumpf & Meyer, op. cit., 132, 147, 164 ff. 
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SUMMARY 


1. Judgments on musical intervals by the method of 
average error yield an average liminal value of 18 cents, an 
interval slightly less than a fifth of an equal semitone. 

2. The ‘psychophysical’ interval has a range of variability, 
then, of about 40 cents. (Adjacent intervals of the tempered 
scale are 100 cents apart.) 

3. Intervals which lie between those in ordinary use are 
not usually assimilated to their nearest ‘norms’ unless they are 
close to the liminal values of the latter. There is a range of 
about half an equal semitone midway between each tempered 
interval within which an interval would be recognized by O 
as being neither of the familiar intervals next above and below 
it. 

4. The order of intervals, ranked according to precision of 
judgment, is approximately the same as that for degrees of 
fusion. 
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